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The  focus  of  the  dissertation  is  upon  a model  of  firm  total 
value  which  allows  for  the  direct  calculation  of  the  average  cost 
of  capital  to  the  firm.  Particular  emphasis  is  placed  upon  empir- 
ical vertification  of  the  model  by  a nonlinear  regression  techni- 
que. An  investigation  into  the  equivalent  risk  class  assumption  is 
made  which  rejects  the  notion  that  industrial  classification  assures 
the  selection  of  firms  homogeneous  in  business  risk.  An  ad  hoc 
procedure  to  select  firms  of  equal  business  risk  is  undertaken  and 
a casual  test  reveals  that  financial  leverage  has  no  significant 
impact  on  firm  total  value. 

Chapter  II  examines  the  partial  equilibrium  theory  of  the 
cost  of  capital.  Chapter  III  reviews  several  prominent  empirical 
cost  of  capital  studies.  Chapter  IV  develops  the  direct  cost  of 
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capital  model  and  is  followed  by  empirical  verification  in  Chapter 


V.  The  model  provides  reasonable  estimates  of  the  average  cost  of 
capital . 
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aiAPTER  I 


INTRODUCTION  AND  STATEMENT  OF  THE  PROBLEM 

Throughout  their  major  empirical  study  of  the  cost  of  capital 

to  the  electric  utility  industry  Merton  Miller  and  Franco  Modigliani 

[39]  defined  the  term  cost  of  capital  as  "that  minimum  prospective 

rate  of  yield  that  a proposed  investment  in  real  assets  must  offer 

to  be  just  worthwhile  undertaking  from  the  standpoint  of  the  current 

owner  of  the  firm."^  Such  a definition  for  cost  of  capital  is  largely 

unopposed.  It  is  equivalent  to  "the  rate  of  yield  that  a proposed 

investment  in  real  assets  must  offer  to  be  just  worthwhile  under- 

2 

taking  to  leave  the  total  market  value  of  the  firm  unchanged." 

Because  the  rate  of  yield  noted  in  these  definitions  is  impossible 
to  observe,  it  follows  that  the  average  cost  of  capital  is  also 
unobservable.  Financial  economists,  realizing  this  limitation,  can 
only  attempt  to  make  inferences  about  the  cost  of  capital.  They  base 
their  attempts  on  what  they  can  observe:  (1)  the  current  market 

value  of  the  firm,  and  (2)  their  expectations  about  the  future 
stream  of  benefits  that  existing  security  holders  expect  to  receive. 

^Miller  and  Modigliani  [39,  p.  335]. 

^Haley  and  Schall  [27,  p.  218]. 
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Disagreement  tends  to  develop  at  this  point.  That  is,  how 
should  the  benefits  relative  to  market  values  for  a variety  of  secur- 
ities be  combined  to  form  an  overall  cost  of  capital  for  the  firm? 

The  purpose  of  this  study  is  to  propose  and  empirically  test  an 
effective  method  for  estimating  directly  the  overall  cost  of  capital. 
The  term  directly  is  emphasized  because  the  calculating  equation, 
unlike  models  of  the  past,  allows  one  to  by-pass  two  thorny  issues: 

(1)  the  assignment  of  weights  to  the  several  component  costs,  and 

(2)  the  correct  specification  of  the  after-tax  component  cost  of  debt. 
In  the  direct  model  (proposed  in  Chapter  IV) , the  cost  and  relative 
importance  of  each  component  of  capital  make  their  contribution  to  and 
are  reflected  in  the  total  market  value  of  the  firm. 

Previous  cost  of  capital  studies  are  plentiful;  many  are 
referenced  in  subsequent  chapters.  However,  they  are  principally 
concerned  with  the  cost  of  equity  capital  and  the  impact  of  financial 
leverage  on  firm  value.  The  average  cost  of  capital  is  calculated 
only  incidentally,  if  at  all.  Miller  and  Modigliani  [39]  do  make  use 
of  the  total  value  approach,  but  a specification  error  concerning  the 
tax  subsidy  effect  (discussed  in  Chapter  II)  tends  to  raise  questions 
about  their  results.  So  far  as  this  writer  is  aware  no  one  has 
estimated  the  average  cost  of  capital  directly,  i.e.,  without  first 
calculating  the  several  component  costs. 

The  Sample 

To  empirically  verify  the  direct  cost  of  capital  model  with 
respect  to  financial  leverage,  asample  of  firms  homogeneous  in  their 
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degree  of  business  risk  is  required.  As  will  become  apparent,  risk- 
equivalent  firms  in  the  strictest  sense  of  the  definition  are  rare. 

In  most  of  the  studies  to  date  (cf.  [26],  [32],  [36],  [39],  [41],  and 
[54])  researchers  testing  cost  of  capital  propositions  have  been  con- 
tent to  select  firms  from  the  same  industry.  Often,  electric  utili- 
ties have  been  selected  as  a sample  based  on  the  belief  that  electric 
utilities  are  probably  less  heterogeneous  than  other  industries.  That 
industrial  classification  in  general  fails  to  provide  firms  of  equal 
risk  has  been  shown  by  both  Wippem  [56]  and  Gonedes  [23],  and  is 
convincingly  demonstrated  in  Appendix  B of  this  study.  The  firms 
selected  to  verify  the  proposed  valuation  model  are  electric  utili- 
ties. Rather  than  relying  strictly  on  industrial  classification,  an 
attempt  to  refine  the  sample  to  more  precisely  satisfy  the  theo- 
retical definitions  of  equivalent  business  risk  is  undertaken.  It 
is  only  partially  successful. 

There  are  other  reasons  for  selecting  electric  utilities  as 
the  sample,  not  the  least  of  which  was  a grant  to  do  so.  The  im- 
portance for  regulated  industries  to  have  a good  estimate  of  their 
cost  of  capital  has  taken  on  increased  significance  in  regulatory 
hearings.  Because  electric  utilities  are  regulated  by  their  rate 
of  return,  they  must  periodically  present  evidence  demonstrating 
what  level  of  return  they  should  be  permitted  to  earn  on  their  base 
of  income  generating  assets.  The  average  cost  of  capital  is  in- 
creasingly being  used  as  an  appropriate  benchmark  on  which  to  base 
a utility's  allowed  rate  of  return. 
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The  Regulatory  Setting 

There  is  no  argument,  at  least  at  the  constitutional  level, 
about  what  rate  of  return  a public  utility  should  earn  on  the  capital 
provided  by  its  common  stockholders.  Since  1944  the  legal  standard 
has  been  unaltered. 

The  return  to  the  equity  owner  should  be 
commensurate  with  returns  on  investments  in 
other  enterprises  having  corresponding  risks. 

That  return,  moreover,  should  be  sufficient  to 
assure  confidence  in  the  financial  integrity 
of  the  enterprise,  so  as  to  maintain  its 
credit  and  to  attract  capital.^ 

This  important  statement  by  the  Supreme  Court,  while  evidently  quite 
satisfactory  in  a judicial  sense,  has  yet  to  receive  a unanimous  inter- 
pretation among  participants  of  the  regulatory  process. 

In  general,  the  objective  of  a regulatory  agency  is  to 
determine  a price  for  the  utility's  service,  sufficiently  above  the 
operating  cost  of  producing  that  service,  so  that  the  utility  earns 
the  lowest  rate  of  return  on  its  capital  consistent  with  investment 
in  new  facilities  required  by  the  public  interest.  Such  an  objective 
has  something  in  common  with  the  cost  of  capital.  Indeed  many  expert 
witnesses  who  participate  in  regulatory  proceedings  have  advocated 
allowing  a utility  to  just  earn  its  cost  of  capital.  The  estimation 
process  for  arriving  at  a cost  of  capital  number  may  vary  slightly  with 
different  witnesses  and  different  states,  but  the  methods  are  for  the 
most  part  consistent.  First,  embedded  (historical)  costs  for  existing 
debt  and  preferred  stock  are  calculated,  followed  by  an  estimation  of 
the  required  rate  of  return  on  equity  by  the  Gordon  constant  growth 

^FPC  V.  Hope  Natural  Gas  Company,  320  U.S.  591,  603  (1944). 
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model,  the  Sharpe-Lintner  capital  asset  pricing  model,  or  a comparison 
with  current  equity  yields  for  "similar  types"  of  firms.  Then  these 
component  costs  are  combined  into  a weighted  average  and  labeled  the 
cost  of  capital  to  the  utility.  At  the  outset  of  this  study  it  must 
be  emphasized  that  this  average  number,  regardless  of  its  label,  is 
not  a firm's  cost  of  capital.  A simplified  equation  for  the  calcula- 
tion (referred  to  hereafter  as  allowed  rate  of  return)  is 


where 


Z = k. 


E 

RB 


+ (1  -x)e 


RB 


+ 


ZZ 

RB 


(1.1) 


= the  net  of  tax  rate  of  return  the  utility  is  permitted  to 
earn  on  its  rate  base 

= the  after-tax  allowed  rate  of  return  on  the  utility's 
common  equity 

e = the  average  embedded  pre-tax  cost  of  the  utility's  bonds 

p = the  average  embedded  after-tax  cost  of  the  utility's 
preferred  stock 

RB  = the  firm's  rate  base  assumed  to  equal  E + B + PF 

E = the  total  book  (recorded)  value  of  the  utility's  common 

equity 

B = the  total  book  value  of  the  utility's  debt 

PF  = the  total  book  value  of  the  utility's  preferred  stock 

T = the  firm's  tax  rate 

The  structure  of  equation  (1.1)  is  quite  similar  to  the  weighted 
average  cost  of  capital  found  in  leading  finance  textbooks  (cf.  [55] 
and  [53]).  However,  it  is  not  the  same.  The  values  of  k^,  e,  p,  E, 

B,  and  PF  are  established  by  a quasi-j udicial  authority.  The  average 
cost  of  capital,  on  the  other  hand,  is  determined  by  competitive 
forces  in  a relatively  perfect  capital  market.  Equality  between 
equation  (1.1)  and  the  firm's  cost  of  capital  is  possible;  perhaps 
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it  is  desirable.  That  the  cost  of  capital  to  a utility  should 
influence  the  utility's  allowed  rate  of  return  is  suggested. 

An  example  of  an  actual  company's  allowed  rate  of  return 
calculation  may  be  helpful  in  understanding  the  regulatory  setting. 

In  late  1972  Florida  Power  Company  petitioned  the  Florida  Public 
Service  Commission  for  authority  to  increase  the  rates  it  charged  to 
its  customers.  A portion  of  that  hearing  centered  around  the  issue 
of  allowable  rate  of  return.  After  determining  the  allowed  capital 
structure  for  Florida  Power,  attention  was  turned  to  the  costs  of  each 
component  included  in  the  capital  structure.  For  both  debt  and  pre- 
ferred stock,  average  embedded  costs  of  5.80  percent  and  6.11  percent 
respectively  were  allowed.  The  cost  of  common  equity  was  more 
complicated.  The  company  through  their  expert  witness  requested  15.0 
to  16.0  percent.  The  Atomic  Energy  Commission  through  its  own  witness 
suggested  11.8  percent.  The  Commission  decided  that  a fair  and 
reasonable  return  on  equity  should  be  within  a range  of  13.50  and 
14.25  percent.  With  customer  deposits  and  tax  credits  included  in  the 
capital  structure  the  weighted  allowed  rate  of  return  was  calculated 
as  shown  in  Table  1.1.  The  Commission  set  8.22  percent  as  the  allowed 
rate  of  return  to  be  applied  to  the  rate  base. 

Just  as  important  as  the  allowed  rate  of  return  in  determining 
the  total  amount  of  allowable  revenues  a utility  can  receive  is  the 
rate  base.  Different  states  value  the  rate  base  differently,  the 
possibilities  varying  from  100  percent  historical  (original)  cost  to 
100  percent  replacement  cost.  Texas  recently  ruled  that  the  rate  base 
for  Southwestern  Bell  would  be  valued  at  40  percent  historical  cost 
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Table  1.1 


Cost  of  Capital  Calculation  for  Florida  Power  Corporation 


Class  of  Capital 

Percent 

Cost  (%) 

Weighted 
Component  (%) 

Long-term  Debt 

50.0 

5.80 

2.90 

Preferred  Stock 

7.1 

6.11 

.43 

Common  Equity 

35.1 

13.5-14.25 

4.75-5.00 

Investment  Tax  Credit  (3%) 
and  Tax  Deferrals 

6.8 

Customer  Deposits 

1.0 

6.00 

.06 

Total 

100.0 

8.13-8.39 

Source:  Docket  No,  71370-EU, 

Public  Utility  Report 

Order  No.  5619 
3rd  volume. 

December  29, 

1972;  98 
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and  60  percent  replacement  cost.  No  reason  was  provided.  Most  states, 
however,  relyheavily  on  historical  cost. 

Excess  Return  and  Economic  Efficiency 

It  is  not  the  purpose  of  this  study  to  provide  support  to 
existing  proposals  that  a utility  be  allowed  to  earn  its  cost  of 
capital  and  no  more.  However,  a brief  summary  of  the  arguments  for 
and  against  returns  in  excess  of  the  cost  of  capital  may  be  of  some 
worth  to  readers.  First,  the  arguments  for  allowing  excess  return 
generally  follow  the  notion  that  without  the  possibility  of  excess 
returns  there  is  little  if  any  incentive  for  the  firm  to  be  efficient 
in  its  choice  of  technology,  capacity,  price  and  output.  Also,  if  by 
law  the  utility  is  not  able  to  earn  more  than  its  cost  of  capital,  then 
a rate  of  return  petition  will  occur  whenever  there  is  a change  in  the 
cost  of  a capital  component.  The  end  result:  consumers,  not  inves- 

tors, bear  greater  risk.  Thus,  it  would  benefit  consumers  through 
greater  efficiency  and  reduced  regulatory  costs  to  allow  a return 
somewhat  in  excess  of  the  cost  of  capital. 

On  the  other  hand,  Averch  and  Johnson  [9]  have  shown  that 
whenever  a utility  can  expect  to  earn  a return  in  excess  of  the  cost 
of  capital,  an  incentive  exists  for  such  a firm  to  use  more  than  an 
efficient  amount  of  capital  relative  to  other  factors  of  production. 
Furthermore,  Baumol  and  Klevorick  [11]  have  shown  that  as  the  differ- 
ence between  the  cost  of  capital  and  expected  allowed  return  de- 
creases, the  inefficiency  in  factor  proportions  actually  increases. 

A compromise  between  the  two  extreme  positions  is  to  con- 
sciously employ  a lag  between  regulatory  hearings.  During  the  lag 
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the  utility  can  enjoy  high,  or  suffer  low,  profits  for  short  periods 
of  time  (Myers  [45,  p.  82]).  But  regardless  of  whether  or  not  a 
regulatory  agency  allows  a utility  to  earn  a return  equal  to  or 
greater  than  the  cost  of  capital,  and  whether  or  not  regulation  is 
continuous  or  administered  with  a conscious  lag,  it  seems  logical  that 
rate  of  return  regulation  have  as  a beginning  point  the  overall  cost 
of  capital. 


Hypotheses  to  be  Tested 

The  major  hypothesis  to  be  tested  is  that  the  cost  of  capital 
to  a firm  can  be  estimated  by  applying  the  constant  growth  valuation 
model  to  the  firm  as  an  entity  rather  than  the  traditional  approach  of 
using  the  growth  model  only  to  estimate  the  cost  of  the  firm's  equity, 
then  combining  the  estimated  cost  of  equity  with  other  component  costs 
by  some  form  of  a weighted  average.  Because  the  growth  component  of 
the  model  is  nonlinear,  an  iterative  least  squares  procedure  is  used 
to  empirically  test  the  model.  In  this  way  the  nonlinearity  in  the 
model's  growth  component  is  explicitly  recognized.  To  provide  some 
evidence  that  the  valuation  model  is  correctly  specified,  a casual 
test  for  the  impact  of  financial  leverage  on  firm  value  is  under- 
taken. The  minor  hypothesis  tested  is  that  financial  leverage  has  no 
impact  on  the  total  firm  value  of  electric  utilities.  To  test  for 
this  impact  however,  there  must  be  some  assurance  that  the  test 
sample  is  homogeneous  in  the  level  of  nonfinancial  risk  exhibited  by 
the  firm.  That  electric  utilities  in  general  form  such  a risk 
class  is  the  second  minor  hypothesis  that  is  tested. 
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Organization  of  the  Study 

This  chapter  has  presented  an  introduction  to  the  development 
of  a direct  estimating  procedure  for  the  average  cost  of  capital,  a 
brief  review  of  the  regulatory  environment,  and  a specific  statement 
of  the  hypotheses  to  be  tested.  Chapter  II  reviews  theoretical  cost 
of  capital  specifications,  the  robustness  of  those  specifications  and 
the  misspecification  of  the  Miller  and  Modigliani  growth  model. 
Chapter  III  reviews  several  empirical  investigations  of  firm  valua- 
tion and  cost  of  capital.  In  Chapter  IV  the  valuation  model  is 
developed.  Properties  of  the  model  are  examined  and  illustrated 
graphically.  Also  a procedure  for  adjusting  the  allowed  rate  of 
return  is  proposed.  Chapter  V presents  empirical  results  of  cross- 
section  regressions  for  the  major  and  minor  hypotheses.  A summary 
of  findings  and  areas  for  future  research  are  presented  in  Chapter 
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CHAPTER  IT 


REVIEW  OF  CURRENT  PARTIAL  EQUILIBRIUM 
COST  OF  CAPITAL  MODELS 

In  Chapter  I the  average  cost  of  capital  to  a firm  was  defined 
as  the  discount  rate  that  equates  the  capitalized  value  of  a firm's 
expected  cash  flows  to  its  current  market  value.  In  spite  of  this 
seemingly  straightforward  definition  dissimilar  cost  of  capital 
specifications  exist.  The  two  most  common  specifications  are  the 
traditional  model  and  the  Modigliani  and  Miller  (hereafter  M & M) 
model.  Underlying  assumptions  about  firm  and  market  characteristics 
have  been  used  to  explain  differences  between  the  two  models  (Myers 
[46]).  But  even  within  the  assumptions  of  the  traditional  model, 
different  cost  of  capital  specifications  obtain  depending  upon  the 
definition  of  cash  flow  (cf.  Arditti  [4],  Beranek  [12],  Nantell  and 
Carlson  [47],  and  Arditti  and  Levy  [7]). 

The  purpose  of  Chapter  II  is  to:  (1)  set  forth  the  several 

specifications  of  average  and  marginal  costs  of  capital;  (2)  examine 
the  robustness  of  the  M & M and  "traditional"  marginal  cost  of  capital 
specifications;  (3)  correct  the  misspecified  M & M valuation  equation 
for  the  levered  firm  with  growth  opportunities;  and  (4)  set  forth 
acceptable  conditions  for  firms  to  be  considered  equal  in  business 
risk. 
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Assumptions 

A consistent  analysis  will  be  aided  by  the  following  assump- 
tions. In  a later  section  of  the  chapter  these  assumptions  will  be 
examined  for  sufficiency  in  deriving  the  M & M and  traditional  models. 

1.  Dividend  policy  is  irrelevant. 

2.  Investment  projects  are  perpetuities. 

3.  Investment  projects  make  a permanent  contribution  to 
debt  capacity. 

4.  Acceptance  of  an  investment  project  does  not  shift  a 
firm's  target  debt  ratio. 

5.  Investment  projects  do  not  change  a firm's  business 
risk  class. 

6.  Financial  leverage  is  irrelevant  except  for  corporate 
income  taxes. 

7.  ITie  firm's  assets  are  expected  to  generate  a constant 
and  perpetual  earnings  stream. 

8.  The  firm  is  already  at  its  target  debt  ratio. 

Defining  Cash  Flow 

Let  CR(t)  be  defined  as  the  expected  cash  receipts  to  the  firm 
and  CD(t)  as  the  expected  cash  disbursements  except  for  interest  pay- 
ments in  period  t.  The  difference  between  CR  and  CD  is  cF’' , the  net 
cash  flow  to  creditors  and  owners  of  the  firm.  The  subscript  t has 
been  omitted  to  indicate  a constant  expected  net  cash  flow  over  the 
economic  life  of  the  asset.  The  superscript  x is  hereafter  used  to 
designate  a flow  variable  net  of  taxes.  Net  cash  flow  available  to 
investors  can  be  described  in  either  of  two  ways;  (1)  as  an  infinite 
stream  equal  to  the  sum  of  earnings  available  to  stockholders  plus 
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interest  payments,  or  (2)  as  a cash  flow,  the  duration  of  which  is 
equal  to  the  economic  life  of  the  firm's  assets.  The  latter  case  is 
expressed  as : ^ 

= (X  - iD)(l  - t)  + il)  + Dp  (2.1) 

where 

X = expected  net  operating  income  or  earnings  before  interest 
and  taxes  but  after  deduction  of  economic  depreciation 

i = yield  to  maturity  on  the  debt  of  the  firm 

D = market  value  of  the  firm's  total  debt 

T = the  corporate  tax  rate 

Dp  = economic  depreciation 

The  total  money  expected  to  be  received  by  common  stockholders  is 
(X  - iD) (1  - t).  The  total  dollar  interest  payment  to  be  received  by 
holders  of  the  firm's  debt  is  iD.  The  two  payments  can  be  conven- 
iently combined  as  the  expected  ultimate  income  stream  to  investors 

X"^  = (X  - iD)(l  - t)  + iD  (2.2) 

or 

X'^  = X(1  - t)  + TiD,  (2.2a) 

giving  an  expected  ultimate  net  cash  flow  of 

^uf  = + Dp  (2.3) 


^Throughout  this  chapter  only  the  debt  and  equity  components 
of  capital  will  be  considered.  Inclusion  of  preferred  stock  in  the 
analysis  enlarges  the  equations  without  contributing  to  the  analysis. 
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Capitalizing  Net  Cash  Flow 

Plant  and  equipment  has  a finite  life.  Therefore,  it  seems 
intuitively  obvious  that  the  cash  flow  described  by  (2.3)  can  last  no 
ionger  than  this  economic  life,  and  to  provide  an  income  stream  for 
more  years  tlian  the  economic  life  of  existing  assets  requires  addi- 
tional investment  in  the  firm.  This  additional  investment  is  economic 
depreciation.  It  is  defined  as  the  amount  of  dollars  Dp,  which 
invested  for  N years  at  the  cost  of  capital  Z,  will  assure  the  contin- 
uation of  the  existing  level  of  cash  flow  ^ + Dp.  That  is. 


Dp(l  + Z)^  = + Dp  (2.4) 

It  makes  absolutely  no  difference  whether  investors  capitalize  net 
cash  flow  over  N periods,  the  economic  life  of  the  firm's  existing 
assets,  or  if  the  ultimate  payments  to  investors — when  those  payments 
are  assumed  to  last  forever — are  discounted  over  an  infinite  life. 
Capitalizing  CPj^^  over  N periods  gives 


Vuf  = I 


CF 


uf 


CF 


uf 


CF 


uf 


t=l  (1  + Z)t 


Z(1  + Z) 


N 


(2.5) 


where  is  total  firm  value  for  a firm  with  cash  flow  defined  by 

(2.3). 

Substituting  + Dp  for  CF^^  in  equation  (2,5)  and 
(X^  + Dp) /(I  + Z)^  for  Dp  results  in 


(2.6) 
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But  (2.6)  is  equal  precisely  to 

Vuf=  I = (2.7) 

t=l  (1  + Z)t  z 

An  Alternative  Cash  Flow  Concept 

Equation  (2.2),  the  expression  describing  the  ultimate  flow  of 
cash  to  investors,  represents  dollars  that  the  suppliers  of  the  firm's 
capital  expect  to  receive  as  periodic  payment  for  providing  funds  to 
the  company.  Aiiother  way  to  view  cash  flow  is  to  begin  with  operating 
Income — earnings  before  interest  and  taxes — and  note  that  the 
unlevered  firm  can  be  expected  to  pay  a periodic  dividend  of  X(1  - t) . 
If  the  firm  finances  a portion  of  its  assets  with  debt,  the  expected 
payment  to  equity  holders  is  reduced  by  (1  -x)iD.  However,  the 
effective  after-tax  interest  payment  to  bondholders  is  also  (1  - x)iD, 
exactly  offsetting  the  reduced  expected  income  to  equity  holders. 

Thus,  the  expected  net  cash  flow  can  be  written  as 


identical  numbers  obtain  whether  CF^£  is  discounted  over  the  life  of 
existing  assets,  or  if  [(X  - iD)(l  - t)  + (1  - x)iD]  is  capitalized 
over  an  infinite  number  of  periods.  In  either  case  the  result  of 
capitalizing  net  operating  income  is 


CFq£  = (X  - ID) (1  - x)  + (1  - x)iD  + Dp 


(2.8) 


= X(1  - x)  + Dp 


(2.8a) 


As  in  the  previous  analysis  (see  equations  (2.4)  through  (2.7)) 


Z 


(2.9) 
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where 

Vq£  = the  derived  value  of  the  firms. 

It  is  not  to  be  implied  that  identical  numbers  would  obtain 
for  V if  and  CpQj_  were  each  discounted  at  the  same  rate  Z for  N 

periods.  They  would  not.  CF^f  would  always  provide  a larger  value 
for  V since  CF^£  - = xiD. 

The  Average  Cost  of  Capital 

In  this  section,  three  average  cost  of  capital  specifications 
are  reviewed.  The  first  one  is  the  traditional  model,  often  referred 
to  as  the  textbook  formula.  Although  all  three  specifications  can 
correctly  be  described  as  weighted  averages,  the  traditional  model  is 
the  one  that  usually  comes  to  mind  when  reference  is  made  to  the 
weighted  average  cost  of  capital.  The  validity  of  the  traditional 
model  rests  upon  the  correctness  of  net  operating  income  (see  equation 
(2.8))  as  the  cash  flow  to  be  capitalized.  The  second  and  third  models 
reviewed  rely  upon  the  ultimate  flow  to  investors'  definition  of  cash 
flow  (see  equation  (2.1)).  Arditti  and  Levy  [7]  have  argued  convinc- 
ingly that  the  latter  leads  to  the  correct  specification  of  the  cost 
of  capital. 

Traditional  Specification 

Assuming  cash  flow  perpetuities,  the  average  cost  of  capital 
for  the  unlevered  firm  is 


2 

Omitted  from  this  review  are  cost  of  capital  specifications 
for  a tax-free  v^orld.  Two  extremes  to  valuation  in  a tax-free  world 
are  contained  in  Durrand  [19]. 
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(2.10) 


where 


V = total  market  value  of  tlie  firm 


= the  discount  rate  tliat  equates  V and  X(1  -t)  , i.e., 
the  cost  of  capital 


For  the  firm  that  finances  its  assets  in  part  by  debt, 


(X  - iP)(l  - t) 
V 


+ i(l  - t)D 


V 


(2.11) 


Multiplying  the  first  terra  on  the  right-hand  side  of  equation  (2.11) 
by  S/S  where  S is  the  market  value  of  the  firm's  common  stock,  and 
defining 


Equation  (2.13)  expresses  the  average  cost  of  capital  as  the  sum  of 
the  required  after-tax  yields  on  equity  and  debt,  weighted  by  their 
respective  market  determined  proportions  of  total  value. 

Ultimate  Flow  Specification 

Defining  cash  flow  by  equation  (2.3)  provides  an  average  cost 
of  capital  of 


k = (X  - iP)(l  - T) 


(2.12) 


S 


as  the  required  after-tax  rate  of  return  on  equity  gives 


Zt  = k^  + i(l  - t)- 
1 V V 


(2.13) 


Zpp  = (X  - iP) (1  - T ) + ip 


V 


(2.14) 
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Once  again  multiplying  (X  - iD) (1  - t)  by  S/S  and  recognizing  that 
the  required  rate  of  return  on  equity  is  defined  as  (2.12),  results 
in  average  cost  of  capital  specified  as 

Comparison  of  Z'p  and  Z^p.  Comparing  equations  (2.15)  and 
(2.13)  reveals  that 

ZuF  = Zt  + ix|  (2.16) 

But  it  should  be  equally  clear  that  capitalizing  the  perpetual  in- 
come stream  (X  - iD) (1  - t)  + iD(l  - x)  by  rate  Zp  will  yield  a value 
V exactly  equal  to  the  value  obtained  when  perpetuity 

(X  - iD) (1  - x)  + iD 

is  capitalized  at  the  rate  Zpp  = Zp  + xD/V. 

Modigliani  and  Miller  Specification 

Modigliani  and  Miller  [41]  and  [42]  derive  propositions  for 
the  valuation  of  the  firm.  Almost  all  empirical  cost  of  capital 
studies  refer  to  these  propositions.  Indeed,  several  of  the  studies 
reviewed  in  the  next  chapter  use  M & M's  Proposition  II  (reviewed 
below)  as  a starting  point.  M & M initially  presented  the  proposi- 
tions under  the  condition  of  no  corporate  income  taxes.  Subsequently, 
they  demonstrated  the  consequences  of  tax  regulations  on  the  use  of 
debt  capital  by  the  firm.  It  has  been  argued  that  because  embedded 
interest  costs  are  tax  adjusted  in  the  calculation  of  a utility's 
allowed  rate  of  return,  the  M & M after-tax  model  overstates  the  value 
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of  electric  utilities.  Additional  reference  to  this  criticism  is 
contained  in  Chapter  III. 

In  the  absence  of  corporate  income  taxes  M & M set  forth  the 
following  two  propositions: 


Proposition  I:  The  average  cost  of  capital  to  any  firm  is  com- 

pletely independent  of  its  capital  structure  and  is 
equal  to  the  capitalization  rate  for  a pure  equity 
stream  of  the  firm's  class  of  business  risk. 

Thus , 


V H S + D = - 
P 


(2.17) 


where 

p = the  market  capitalization  rate  for  an  unlevered  firm  of 
a given  class  of  business  risk 

Assuming  equivalence  between  corporate  and  personal  financial  lever- 
age and  the  possibility  of  arbitrage  in  a perfect  capital  market, 
the  proof  that  equation  (2.17)  represents  a state  of  firm  equilibrium 

O 

in  the  capital  market  is  straightforward. 


Proposition  II:  The  expected  yield  on  the  stock  of  a company  be- 

longing to  a unique  class  of  business  risk  is  a 
linear  function  of  financial  leverage.  Proposi- 
tion II  follows  directly  from  Proposition  I. 
Defitiing  the  expected  income  avail^ble_to  common 
stockholders  in  a levered  firm  as  n = X - iD,  the 
expected  yield  on  common  stock  is 


n ^ X - iP 
S S 


(2.18) 


^See  Modigliani  and  Miller  [43]  or  Fama  and  Miller  [22]. 
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Substituting  p(S  + D)  E pV  (see  equation  (2.17))  for  X in  (2.18) 
reveals  the  linear  relationship  between  expected  yield  on  common 
stock  and  financial  leverage 

|-  = p + (p  - i)^  (2.19) 

When  taxes  are  included  in  the  analysis,  M & M demonstrate 
that  the  presence  of  debt  in  the  capital  structure  Increases  the 
value  of  the  firm.  Total  firm  value 

V = + tD  (2.20) 

p" 

is  found  by  capitalizing  each  component  of  the  income  stream  defined 
in  equation  (2.2a)  by  a discount  rate  appropriate  for  that  component, 
i.e.,  X(1  - t)  by  p”*^  and  xiD  by  i.^  Notice  that  D = 0 reduces  the 
valuation  equation  to  the  capitalization  of  the  pure  equity  stream 
resulting  in  V = Vy,  where  Vy  is  the  value  of  an  unlevered  firm.  An 
alternative  expression  for  equation  (2.20)  then  is 

V = Vy  + tD  (2.21) 

After-tax  earnings  yield.  M & M derive  an  after-tax 
earnings  yield  similar  in  structure  to  a weighted  average  cost  of 
capital  expression.  The  earnings  yield  is  defined  as  the  ratio  of 
earnings  available  to  common  shareholders  plus  interest  payments  to 


The  proof  that  in  a perfectly  competitive  market  it  is  pos- 
sible to  discount  a risky  and  riskless  component  of  an  income  stream 
by  appropriate  individual  rates  can  be  found  in  Arditti  [5]. 


21 


total  firm  market  value,  i.e.,  x’^/V.  It  is  derived  from  equation 
(2.20)  by  substituting  - xiD  for  X(1  - x)  and  solving  the 
resulting  equation  for 

f = P"  - (2.22) 

Note  that  D/V  = 0 results  in  = p^,  the  after-tax  required  return 
for  the  unlevered  firm.  As  D/V  increases,  Z-^  declines  by  the  con- 
stant (p^  - i)x  over  the  entire  range  of  D/V,  i.e.,  a comer  solution 
obtains  indicating  that  the  value  of  the  firm  is  maximized  when  the 
firm  employs  all  debt  as  its  capital. 

After-tax  return  on  common  stock.  The  after-tax  required  rate 
of  return  on  common  stock  is  also  derived  from  equation  (2.20).  First, 
define 


= (X  - iP)(l  - x) 
S - S 


(2.23) 


as  the  expected  after-tax  required  return  on  shares  of  the  firm. 
Adding  and  subtracting  iD(l  - x)  to  the  pure  equity  term  in  equation 
(2.20)  and  replacing  V with  S + D gives 


S + D 


(X  - iP)(l  - x)  + iP(l  - x) 

X 

P 


+ xD 


(2.24) 


Multiplying  (2.24)  by  p^,  dividing  by  S,  and  combining  terms  results 
in  the  after-tax  required  rate  of  return  on  common  stock  expressed  as 
a linear  function  of  the  debit-to-equity  ratio 

- = p'''  + (1  - x)  (p"^  - i)2 

S S 


(2.25) 
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Summary  of  Average  Cost  Formulae 

Five  general  average  cost  formulae  have  been  reviewed.  They 

are : 


Traditional  average  cost  of  capital. 

+ id  - t)D 

Ultimate  flow  average  cost  of  capital. 


7 


+ i 


D 

V 


(2.13) 


(2.15) 


Modigliani  and  Miller  average  cost  of  capital. 

Zn,  = - P'  - (P"  - (2.22) 


Modigliani  and  Miller  required  return  on  common  stock  (no- 
tax  model) . 

I = p + (p  - i)|  (2.19) 

Modigliani  and  Miller  required  return  on  common  stock 
(tax  model) . 

= pT  + (1  - x)(pT  - i)D  (2.25) 


Marginal  Cost  of  Capital 

The  marginal  cost  of  capital  is  defined  as  the  rate  of  return 
that  must  be  earned  on  an  additional  dollar  of  investment  so  as  to 
leave  the  market  value  of  common  stock  unchanged.  If  investment  in 


the  firm  is  increased  by  dl  dollars,  it  follows  that  the  resulting 
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change  in  firm  value  is  dV  = dS^  + dDQ  + dl,  where  dSg  and  dDo  repre- 
sent changes  in  the  market  values  of  existing  amounts  of  common  stock 
and  debt.  Now  assuming  that  acceptance  of  a particular  investment 
project  has  no  impact  on  existing  debt  (see  assumptions  4 and  5) , then 
dl^Q  = 0.  The  definition  of  marginal  cost  of  capital  requires  that 
dSo  = 0.  Thus,  dV  = dl , or  dV/dl  = 1 is  the  necessary  condition  for 
deriving  marginal  cost  of  capital  formulae. 


Traditional  Model 

The  marginal  cost  of  capital  when  cash  flow  is  defined  as  net 
operating  income  (see  equation  (2.8))  is  found  by  differentiating 
equation  (2.9)  with  respect  to  I 


= _L  dX(l  - t) 

dl  Zrj,  ' dl 


^ . X(1  - t) 

dl  ' y2 


(2.26) 


Assuming  that  the  characteristics  of  the  firm  are  unchanged  by  the 
additional  investment,  then  dZ>p  = 0,  and  imposing  the  requirement  that 
dV/dl  = 1 results  in 

dX(l  - t) 

dl  = - Zj  (2.27) 


Ultimate  Flow  Model 

If  cash  flows  are  defined  as  the  ultimate  flow  to  investors 
(see  equation  (2.1)),  formula  (2.6)  states  the  value  of  the  firm. 
Expanding  equation  (2.6)  and  replacing  Z with  Zjjp  to  indicate  the 
ultimate  flow  model  gives 

V = ~ t)  4.  xiP 

^UF  ^UF 


(2.6a) 
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Differentiating  equation  (2.6a)  with  respect  to  I yields 

dV  1 dX(l  - t)  ^ 1 ,dD  dZuF  X(1  - t)  + xiD 

dl  - Z,.p  ’ dl  Znp  ■ "^^dl  dl  ■ „2 

UF  Zyp 

(2.28) 

Assuming  that  dZj^jp/dl  = 0,  and  setting  dV/dl  = 1,  results  in  a 
marginal  cost  of  capital  equal  to 

"~dT~  " ^ 

If  future  investments  are  to  be  financed  with  the  existing  proportion 
of  debt,  then  D/V  replaces  dD/dl  and  (2.29)  becomes 

%F  ~ ^UF  “ (2.30) 

Conditional  equivalence  between  Cp  and  Cyp.  So  long  as  the 
two  income  streams  described  above  are  perpetuities , the  marginal 
costs  of  capital  Cq'  and  Cpp  must  be  equal.  As  proof,  subtract  Cpp 
from  Cp 

Cp  - CuF  = Zp  - (ZuF  - iT^)  (2.31) 

Substituting  equation  (2.16)  for  Zp  gives 

Cp  - Cpp  = Zpp  - ZpF  - i-T^  + i-T^  (2.32) 

and 

Cp  = Cyp^  (2.33) 


For  a discussion  of  cases  in  which  Cp  does  not  equal  Cpp, 
see  Arditti  and  Levy  [7]. 
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Modigliani  and  Miller  Model 

The  marginal  cost  of  capital  for  the  levered  firm  in  a world 
of  taxes  is  found  by  differentiating  equation  (2.20)  with  respect 
to  I 


^ _ dX(l  - t)  1 xdD 
dl  - dl  * pT  dl 


(2.34) 


Setting  (2.34)  to  1 gives 


dX(l  - t) 
dl 


(2.35) 


Once  again  by  assuming  capital  proportions  subsequent  to  investment 

are  equivalent  to  the  existing  mix,  — = — = L and  equation  (2.35)  is 

dl  V 


written  as 


C(L)  = pT^d  - tL)  (2.36) 

The  Robustness  of  Cost  of  Capital  Formulae 

A frequent  argument  against  the  M & M model  is  the  set  of 
restrictive  assumptions  associated  with  it.  The  irrelevance  of 
financial  leverage  except  for  corporate  income  taxes  is  one  example. 
Critics  of  the  M & M model,  while  acknowledging  that  tax  payments  are 
reduced  as  financial  leverage  increases,  assert  that  bankruptcy  risk 
is  just  too  important  to  assume  away;^  thus  the  corner  solution  is 
unacceptable . 


For  one  view  of  bankruptcy  risk  and  the  M & M model,  see 
Levy  and  Samat  [30,  ch.  15]. 
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It  does  not  follow,  however,  that  estimates  resulting  from 
the  M & M model  are  biased.  That  is,  in  spite  of  any  violations  of 
the  underlying  assumptions,  M & M's  view  of  the  world  may  be  suffi- 
ciently accurate  to  avoid  systematic  errors.  Furthermore,  there  is 
evidence  to  support  tlie  contention  that  the  M & M model  is  useful  in 
the  "real  world."  Davis  and  Sparrow  [17]  surveyed  and  critiqued  the 
several  common  stock  financial  models  of  the  firm  (Gordon,  M & M,  and 
Sharpe-Lintner)  currently  used  in  rate  of  return  regulation.  With 
respect  to  the  usefulness  of  the  M & M model  for  rate  of  return 
hearings,  the  authors  concluded  that  all  three  of  the  models  assume 
either  explicitly  or  implicitly  the  financial  market  conditions 
required  in  the  derivation  of  the  M & M model. 

Examining  the  Assumptions 

A mathematical  programming  formulation  of  the  problem  of 
financial  management  to  derive  weighted  average  cost  of  capital 
formulae  was  developed  by  Myers  [46].  Equations  (2.13)  and  (2.36) 
are  special  cases  of  his  general  analysis.  For  each  formula,  an 
examination  was  made  of  the  magnitude  of  error  when  several  of  the 
assumptions  underlying  the  model  were  relaxed. 

The  general  formulation  of  the  Myers'  model  rests  upon  the 
normative  objective  of  the  firm,  maximization  of  market  value.  His 
derivation  of  the  necessary  conditions  for  maximizing  the  change  in 
market  value  provide  necessary  and  sufficient  conditions  for  marginal 
cost  of  capital  formulae.  Table  2.1  summarizes  those  conditions  for 
the  traditional  and  M & M models  (see  equations  (2.13)  and  (2.36) 
respectively) . 
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Table  2.1 


Necessary  and  Sufficient  Conditions  to  Derive  Cost  of  Capital 
Formulae  From  Myers'  Adjusted  Present  Value  Framework 


Assumed  Condition 

Traditional 

M & M 

1. 

Dividend  policy  is  irrelevant 

X 

X 

2. 

Investment  projects  are  perpetuities 

X 

X 

3. 

Investment  projects  make  a permanent 
contribution  to  debt  capacity 

X 

X 

4. 

Acceptance  of  an  investment  project 
does  not  shift  the  target  debt  ratio 

X 

X 

5. 

Investment  projects  do  not  change  the 
firm's  risk  class 

X 

X 

6. 

Leverage  is  irrelevant  except  for 
corporate  income  taxes 

X 

7. 

The  firm's  assets  are  expected  to 
generate  a constant  and  perpetual 
earnings  stream 

X 

8. 

The  firm  is  already  at  its  target 
debt  ratio 

X 

Source : Myers  [46]. 
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Although  the  conditions  for  both  equations  are  restrictive, 
the  traditional  model  requires  more  conditions  for  its  derivation 
than  does  the  M & M model.  In  a subsequent  section  of  his  paper, 
Myers  relaxes  Conditions  2 and  3 and  concludes  "...  the  original 
M & M (cost  of  capital)  formula  is  acceptably  accurate  if  attention 
is  restricted  to  projects  which  do  not  shift  the  firm's  risk  class 
or  target  debt  ratio.  The  textbook  rule  is  inferior  on  all  counts."^ 

Growth,  Debt  Capacity,  and 
the  M & M Model 

For  the  most  part  growth  models  ignore  the  fact  that  the 
acceptance  of  profitable  investment  projects  increase  the  debt 
capacity  of  the  firm.  Indeed,  users  of  growth  models  seem  content 
to  simply  substitute  C = p(l  - pL)  for  p in  the  all  equity  growth 
expression,  then  add  this  adjusted  growth  component  to  a levered  no- 
growth model  giving® 

V-  ^ + a-X(l  - T (2.37) 

where 

a = the  level  of  future  investment  in  the  firm  as  a percent 
of  after-tax  earnings 

p*  = tax-adjusted  expected  rate  of  return  on  total  investment 


^Myers  [46,  p.  19]. 

g 

This  section  considers  only  an  after-tax  analysis  of  growth. 
To  simplify  the  notation  p replaces  p'^  as  the  after-tax  required 
yield  on  an  unlevered  share  of  stock,  and  C replaces  C(L)  as  the 
M & M marginal  cost  of  capital. 
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T = number  of  years  that  opportunities  for  investment  at 
p*  > Z are  expected  to  last 


The  Valuation  Equation  for  a Levered 
Firm  with  Growth  Opportunities 

The  following  analysis  demonstrates  that  although  the  M & M 
cutoff  criterion  for  a no-growth  firm  still  obtains,  equation  (2.37) 
places  too  much  value  on  the  growth  opportunities,^  Following  the 
Miller-Modigliani  analysis  [38],  it  is  assumed  that  an  unlevered 
firm  expects  to  invest  a constant  fraction  of  after-tax  income  at 
time  t,  i.e.,  I(t)  - a(l  - x)X(t) , where  (1  - r)X(t)  symbolizes 
after-tax  expected  income  in  period  t,  and  on  that  investment  ex- 
pects to  earn  in  perpetuity  a net  of  tax  rate  of  return  p*  that 

exceeds  p for  t = 1,  . . , , T and  equals  p thereafter.  Then 

✓ 

(1  - t)X(1)(1  + 

_ for  t=l,  2,  , . .,T+1 


(1  - T)X(t)  =< 


(1  - t)X(1)(1  + ap*)T  (1  + ap)t-T-l 


fort=T+2,T+3,  . . 

(2.38) 


and  the  present  value  of  the  unlevered  firm  Vp  at  t = 0 is 


T _ _ 

v„  = (1  - t)x(i)  + y p*i(t)  _ i(t)  = 

p t=l  (1  + 9)*=  (1  + P)t 


(1  - t)x(i)  + rp*  - P)  y 

p p ^ 


t=i 


a(l  - t)X(1)(1  + ap*) 
(1  + P)’: 


t-1 


(2.39) 


'This  section  is  from  Arditti  and  Pinkerton  [8]. 
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It  is  of  some  importance  to  understand  that  whether  or  not  the  firm 
continues  to  invest  in  time  periods  subsequent  to  T,  the  value  of  the 
growth  component  of  (2,39)  remains  unchanged,  since  expecting  to 
earn  p on  the  funds  raised  adds  zero  to  present  market  value.  In 
addition,  note  that  p is  the  discount  rate  applied  to  the  expected 
values  of  I(t)  = a(l  - x)X(t)  to  determine  the  present  value  of 
spending  I(t)  in  t = 1 , 2 , , . . , T. 

To  make  the  transition  to  the  valuation  expression  of  the 
levered  firm  we  must  account  for  the  addition  to  the  firm's  market 
value  due  to  the  tax  deductibility  of  the  interest  to  be  paid  on  debt. 
If  the  firm  has  an  amount  of  debt  D at  t = 0,  we  know  that  the  annual 
tax  savings,  which  are  equal  to  xiD  and  are  assumed  to  be  certain, 
have  present  values  of  xD. 

We  must  now  consider  the  increment  to  market  value  engendered 
by  that  part  of  the  firm's  growth  financed  by  future  debt — this  is 
the  key  to  deriving  the  correct  valuation  formula.  Each  year  from 
t = 1 to  t = T the  firm  invests  I(t)  = a(l  - x)X(t)  where 
(1  - x)X(t)  is  tax-adjusted  income  realized  in  period  t and  fi- 
nances > 0 of  that  amount  by  debt.^^  Therefore,  new  debt  fi- 
nancing amounts  to  a^cxCl  - x)X(t)  for  t = 1,  . . . , T.  The  actual 
amount  of  new  debt  financing  is  uncertain  at  t = 0 since  it  depends 
on  the  value  that  X(t)  assumes  and  that  remains  unknown  until  time 
period  t arrives.  At  that  time  t,  when  X(t)  becomes  known,  the 
amount  of  debt  to  be  raised  during  t is  certain  and  the  present  value 
at  t of  the  new  debt's  subsequent  annual  tax  savings  is 


^*^The  value  of  is  left  perfectly  generally. 
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xi[aLCt(l  - x)X(t)  ] 
i 


xoi^aCl  -x)X(t)  for  t 


1,  . 


, T 

(2.40) 


Because  at  t = 0 these  future  present  values  are  uncertain  quanti- 
ties, the  certain  rate  i cannot  be  applied  to  them  to  convert  them 
to  present  values  at  t = 0.  The  problem  then  is  to  find  the  correct 
discount  rate  to  apply  to  the  expected  values  of  the  terms  of  (2.40). 

First  note  that  each  present  value  term,  xUj^a (1  - x) X(t)  , at 
time  t is  proportional  to  the  corresponding  t term  in  the  I(t)  series 
where  the  proportionality  factor  is  Consequently,  we  can  view 

the  terms  of  (2.40)  as  the  time  components  of  an  income  stream,  B(t), 
where  B(t)  = xa^Kt)  for  t = 1,  2,  . , . , T.  But  this  immediately 
tells  us  that,  in  the  perfect  market  environment  of  M & M's  model,  the 
present  market  value  of  the  B(t)  stream,  Vg,  must  equal  xa^  times  the 
value  of  the  I(t)  stream,  Vj , where  Vj  is  obtained  by  discounting  the 
I(t)  stream's  expected  values  by  p (see  equation  (2.39)).^^  Conse- 
quently, we  obtain  for  the  value  of  the  levered  firm's  income-growth 
component,  that 


^LG  “ ^UG  (2.41) 


^^The  proof  that  if  B(t)  ° xotgl(t)  then  Vg  = xa^Vj  is,  of 
course,  due  to  M & M [43].  The  mode  of  the  proof  is  to  first  assume 
that  Vg  < xolVj  and  demonstrate  that  anyone  entitled  to  a fraction 
e > 0 of  I(t)  at  a cost  of  eVj  can  generate  the  identical  income 
stream  if  he  had  ownership  rights  entitling  him  to  a fraction  (e/xul) 
of  B(t)  at  a cost  of  (eVg/xuL).  Since  (eVg)/(xaL)  is  less  than  eVj 
according  to  the  initial  assumption  of  the  proof,  then  Vg  < rngV];  can- 
not represent  an  equilibrium  situation.  An  analogous  argument  is 
employed  to  prove  that  VB  > xagVj  cannot  represent  an  equilibrium. 
Consequently,  only  VB  = xagVg  is  consistent  with  equilibrium. 
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Recognizing  from  (2.39)  that  the  value  of  the  unlevered  firm's  income- 
growth  component,  V^q,  is  equal  to  - l)Vj  and  using  this  to 

solve  for  in  terms  of  V^q,  we  have  upon  substitution  for  Vj  in 
(2.40) 

Ta-r  p 

''lg  ■ 1 + ) ''nc  (2-«) 

We  are  now  in  possession  of  the  knowledge  necessary  to  com- 
plete the  valuation  formula  for  the  levered-growth  firm.  Because  the 
value  of  the  growth-income  streams  of  the  levered  firm  (recall  one  of 
those  streams  in  a sequence  of  present  values,  each  representing  the 
tax  savings  from  issuing  new  debt  at  time  (t))  is  equal  to 

1 + ( — ; — ^^^)  of  the  value  of  the  unlevered  firm's  growth  stream 
P‘“  - P 

value,  VjjQ,  then  using  (2.39)  to  substitute  for  V|jq  in  (2.42)  we  can 
write  for  the  levered  firm's  total  value 


jl_-TjX(l)  ^ ^ 

1 + 1 

p*  - p 

T 

y 

a(l  - t)X(1)  (1  + ap*)*^  ^ 

P 

(P*  - P)  / 

P 

L 

t=l 

(1  +P)t 

(2.43) 

where  we  drop  the  L subscript  on  V and  consider  it  the  value  of  any 
firm — if  the  firm  is  unlevered  then  D = 0,  a = 0,  and  (2.43) 
reduces  to  (2.39). 


Writing  the  summation  in  closed  form  we  have 


H.  - t)X(1)  + + 

~ - 

1 + tolp 

P*  - 0 

a(l  - t)X(1)["i  - 1 + ap*l 

L T ■+■  p J 

P 

.(p*  — p)  _ 

p 

1 

a 

Q. 

1 

(2.44) 
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or 


V = 


(1  - T)X(l) 

P 


(p*  - p) 

a (1 

- t)X(1) 

1 + ap* 

"r  - 

p + tol 

(P 

- ap^O 

1 - 

1 + p 

(2.45) 


To  write  (2.45)  in  the  simplifying  form  of  (2.37),  assume  that 

h = ^ is  close  to  1 and  expand  h^  about  1,  dropping  all  terms 

1 + p 

but  the  first  two  of  the  Taylor  series.  This  results  in 


= (1  - T)X(l) 


+ tD  + 


(P*  - P) 


+ tar 


a(l  - x)X(l)-T 
(1  + P) 


(2.46) 


Equation  (2.46)  provides  the  correct  specification  of  a levered- 
growth  firm's  valuation  in  M & M's  framework. 

A glance  at  equations  (2.45)  and  (2.46)  reveals  that  in  the 
M & M framework  a firm  may  benefit  from  a new  project  even  if  that 
project  is  not  expected  to  earn  a rate  of  return  in  excess  of  that 
required  for  the  unlevered  firm,  p.  The  reason  is  that  if 
[(p*  - p)/p]  were  zero  or  to  some  extent  even  negative,  the  benefits 
derived  by  that  project  increasing  the  firm's  debt  capacity — those 
benefits  being  represented  by  the  tol  term — will  offset  the  project's 
unfavorable  rate  of  return.  Thus,  the  appropriate  capital  budgeting 
criterion  is 

-(P*  ~ + xa,  > 0 (2.47) 

P 


or 


p*  > p(l  - xol) 


(2.48) 
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which  is  precisely  the  M & M cutoff  criterion  for  a no-growth  firm 
when  (dV/dl)  of  the  perpetuity  valuation  equation  was  set  equal  to 
one  and  an  expression  for  (1  - T)(dX/dI)  was  subsequently  solved 
for  (see  [42  ] ) . 

A Comparison  with  the  M & M Equation 

In  order  to  contrast  the  M & M valuation  expression  (2,37) 
with  (2,46)  at  a given  capital  structure,  we  must  ensure  that  the 
parameter  values  of  the  two  expressions  are  consistent  with  this 
assumed  capital  structure.  We  proceed  by  considering  a firm  that 
has  an  investment  growth  opportunity  at  t = 1 and  none  after  that. 
Let  the  size  of  the  expected  investment  necessary  to  take  advantage 
of  this  opportunity  be  1(1)  and  symbolize  the  market  value  of  the 
firm  in  the  absence  of  growth  by  Vlj,jq  where 

Vlng  = + tD  (2,49) 

P 

The  debt-value  ratio  that  corresponds  to  this  no-growth  segment  of 
the  firm's  business  is 


\ng  <2-50) 

p 

Assume  that  the  firm  wishes  to  finance  its  growth  opportunity 
at  the  same  debt-value  ratio  that  it  applies  to  its  no-growth  busi- 
ness; therefore,  the  firm's  overall  debt-value  ratio  is  expected  to 
always  equal  D/VLf^f;,  This  requirement  is  met  if  the  expected  amount 
of  debt  used  to  finance  the  growth  opportunity,  aLl(l),  divided  by 
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the  sum  of  the  expected  investment  cost,  1(1),  and  the  surplus  value 

1 9 

generated  by  the  investment  at  t = 1,  Vlq(1)  , equals  D/V^f^Q.  That 
is 


= h 

TO)  + VpcO) 


(2.51) 


12 

Since  investment  takes  place  at  t = 1,  the  firm  should 
really  be  expected  to  use  the  debt-value  ratio  of  its  no-growth 
business  at  t = 1.  However,  assuming  that  the  firm  has  the  same 
amount  of  debt  outstanding  at  t = 1 as  it  does  at  t = 0,  the  rele- 
vant debt-value  ratio  D/Vl]^q(1)  , where  Vlng(1)  represents  the  value 
of  the  levered  no-growth  income  stream  at  t = 1,  is  exactly  equal 
to  the  debt-value  ratio  at  t ==  0,  D/Vlnq.  To  see  this  note  that 
^LNGj  the  no-growth  income  stream's  value  at  t = 0,  is  given  by 

(i)  = (1  - t)a(1)  + Vlng(1) 

1 + C 

or 

(ti)  ^LNG^l)  = (I  + C)VLfjQ  - (I  - t)X(1) 


However,  because 

(iii)  Vlng  = + TD 

P 


Then 


(iv)  (I  - x)X(l)  = p(l  - )V 

^LNG 

Substituting  expression  (iv)  into  (ii)  gives 


CV 


LNG 


GV 


LNG 


V 


LNG 


Therefore , 


D 


V 

LNG 


(1) 


D 


V 

LNG 


(vi) 
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But  (2.51)  tells  us  that  the  appropriate  value  is  given  by 


“L 


D 

V 

LNG 


. "fd)  + Vlg(1) 
T(l) 


(2.52) 


Because  (2.42)  provides  a general  relationship  between  the  value  of 
the  levered  growth  component  and  the  unlevered  growth  component 
starting  at  any  point  in  time,  we  have  that 

xa  p 

Vlg(1)  = 1 \tg(1)  (2.53) 


where  Vy(^(l)  represents  the  value  of  the  unlevered  growth  component 
at  t = 1.  However, 


UG  - xr+TT 


(2.54) 


because  both  the  outflows  and  inflows  attributed  to  growth  do  not 
begin  until  t = 1.  Using  (2.54)  to  eliminate  VpQ(l)  in  (2.53),  one 
obtains 


Vlg(1) 


p*  - p 


Vug(1  + p) 


(2.55) 


But  by  (2.39) 


Vug  = (^*  ~ P)  . ^(1), 

p ^1  + p) 


(2.56) 


Therefore,  (2.55)  can  be  written  as 

Vlg(1)  = 1 + 


lauP' 

- P 

P*  - P 

- 

''  P 

)I(1) 


(2.57) 


Combining  (2.52)  and  (2.57)  we  have 


^LNG  L P 


(2.58) 
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Expression  (2.58)  shows  that  if  a firm  has  a growth  opportunity  at 
t = 1,  i.e.,  p*  > p(l  - tol)  or  [ (p*  - p)/p  + tol]  > 0,  then 
> D/Vlng*  This  result  is  sensible  because  if  the  investment 
generated  surplus  equity  value  of  V^qCI)  then  it  must  be  expected 
that  enough  debt  will  be  used  in  financing  1(1)  so  that  Vlg(1)  is 
covered  by  the  appropriate  debt-equity  ratio. 

An  equivalent  and  useful  expression  for  the  appropriate 
value  can  be  obtained  by  isolating  in  expression  (2.58).  This 
yields 


D 

P* 

’^LNG 

p(l  - xD/V^j^q) 

Recognizing  p(l  - xD/Vjj^q)  as  M & M's  C gives 


(2.59) 


a 


L “ 


(2.60) 


Thus,  if  p*  > C,  then  > D/Vh^g*  criteria,  (2.58)  and 

(2.60),  that  describe  the  relative  values  of  ul  and  D/Vlj^g 
consistent . 

We  are  now  prepared  to  compare  the  M & M expression  of  Vlq 
(see  (2.37)),  which  is 


(Q*  - Cx  1(1) 

C ^ (1  + C)  ’ 

with  the  expression  derived  in  this  paper  (see 
given  by 


(2.61) 
(2.46))  and 


P*  - P 


+ xa.. 


1(1), 
Ti  + P) 


p 


p 


(2.62) 
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Employing  (2.60)  to  replace  in  (2.62)  alters  (2.62)  to 


P*  - P + T 

D 

1(1) 

P 

c 

^LNC 

0 + P) 

(P*  - p)  (3  - tD/Vln(;)  + tp^D/Vtmh  1(1 ) 

C (1  + P) 


or  equivalently 


(2.63) 


1 

p*  - C 

1(1) 

c 

(1  + p), 

/ 

(2.64) 


Since  p > C - p(l  - when  D/Vljijq  > 0,  a comparison  of  (2.61) 

with  (2.64)  reveals  that 


Consequently , 


\ 

p*  - c 

1(1)  . 

p*  - c 

c 

(1  + C) 

c 

y 

1 i 

1(1) 

(1  + P) 


(2.65) 


the  M & M valuation  expression  places  too  high  a value 


on  growth  opportunities. 


The  Assumption  of  Equal  Business  Risk 

In  their  classic  analysis  of  the  effect  of  debt  financing  on 
security  prices  Modigliani  and  Miller  [41]  found  it  necessary  to 
classify  firms  into  homogeneous  groups  that  were  perfect  substitutes 
for  one  another.  That  assumption  was  also  found  to  be  of  prin- 
cipal importance  to  the  cost  of  capital  models  reviewed  above. 

It  is  convenient  to  partition  the  total  uncertainty  surrounding  the 
expected  earnings  of  a firm  into  two  parts:  uncertainty  arising 

from  economic,  social,  and  political  factors  and  uncertainty  re- 
sulting from  the  type  of  financing  used  by  the  firm.  The  former  is 
called  business  risk  when  associated  with  a probability  distribution 
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of  investors'  assessment  of  a firm's  earnings  and  investment.  Para- 
meters of  the  distribution  are  influenced  by  demand  elasticity,  firm 
size,  asset  structure,  cost  structure,  labor  relations,  control  of 
raw  materials,  geographic  region,  degree  of  regulation,  and  more. 

There  is  evidence  refuting  the  general  contention  that 
equivalent  risk  classes  are  bounded  by  industrial  classification.^^ 
But  electric  utilities,  it  has  been  argued,  are  unique.  Many  con- 
sider them  to  be  the  best  example  of  an  industry  homogeneous  in 
business  risk  (cf.  [26],  [40],  and  [55]).  In  addition  to  similari- 
ties in  technology  and  cost  structure,  the  electric  utility  industry 
is  characterized  by  firms  with  regulated  rates  of  return  and 
relatively  inelastic  demand  curves.  However,  a close  examination 
does  reveal  important  differences.  First,  the  regulating  process  is 
administered  by  autonomous  state  commissions.  Second,  during  the 
past  two  decades,  technological  dissimilarities  have  become  more 
pronounced  as  nuclear  generating  plants  have  been  constructed.  Also, 
fuel  sources  have  given  rise  to  dissimilar  cost  structures  among 
firms.  Tlius , in  spite  of  any  broad  generalities,  if  one  is  to 
seriously  use  electric  utilities  to  satisfy  the  equivalent  risk  class 
assumption  the  appropriateness  of  the  sample  should  be  confirmed. 


13 

See  Wippern  [56],  Gonedes  [23],  and  the  discussion  of  each 
in  Chapter  III. 

^'^For  example,  electric  utilities  in  New  England  rely  more 
heavily  on  expensive  foreign  oil  than  do  utilities  in  Texas.  In 
addition  to  the  foreign-domestic  mix  of  fuel,  the  type  of  fuel 
(natural  gas,  oil,  coal)  also  plays  a critical  role  in  determining 
total  costs.  On  the  other  hand,  government  pricing  schemes  tend  to 
homogenize  these  fuel  cost  differences  over  all  firms. 
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Defining  Equivalent  Risk  Classes 

Risk  is  an  ex  ante  concept.  Nevertheless,  one  can  make  the 
assumption  that  future  risk  is  similar  to  past  risk  and  use  an 
objective  measure  of  past  risk  as  an  estimate  of  future  risk.  The 
variability  about  an  average  is  frequently  taken  as  a sufficient 
statistic  of  risk.  However,  the  relationship  between  variability 
and  risk  is  elusive.  For  example,  earnings'  variability  which  is 
fully  anticipated  is  riskless.  Furthermore,  because  firms  are  able 
to  disguise  earnings'  variability  to  some  extent  through  various 
accounting  procedures,  identification  of  true  earnings'  variability 
is  difficult.  Finally,  upward  variability  in  earnings  is  not 
viewed  with  the  disdain  reserved  for  downward  variability. 


Modigliani  and  Miller  condition.  An  early  rigorous  defini- 
tion of  business  risk  is  by  Modigliani  and  Miller.  They  assumed 
firms  could  be  classified 

. . . such  that  the  return  on  the  shares  issued  by 
any  given  class  is  proportional  to  (and  hence  per- 
fectly correlated  with)  the  return  on  the  shares 
issued  by  any  other  firm  in  the  same  class.  Firms 
within  a particular  class  differ  only  by  a scale 
factor,  and  after  adjusting  for  scale  (dividing 
return  by  expected  return),  any  two  firms  i and  j 
would  be  in  a risk  class  if  the  respective  distri- 
butions of  their  ratios  of  return  to  expected  return 
were  identical. 15 


15 


Modigliani  and  Miller  [41,  p.  267]. 
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Specifically,  M & M defined  risk  classes  as  follows.  Let 

Xj  = the  average  value  of  EBIT  generated  by  the  assets  of 

firm  i over  time.  is  a random  variable,  determined 

by  the  stream  of  earnings  over  time,  Xj^(l),  Xj^(2), 

. . . , X^(T),  subject  to  the  joint  probability 

distribution  Xit^iCl),  X£(2),  . . . , X^Ct)],  and 

T 

defined  as  lim  i 'I  X^^(t)  with  probability  distribu- 
T-K»  t=l 

tion  0 (X^) . 

Xj^  = E(X^)  = expected  value  of  Xj^  determined  by  the  random 
variable  X^  with  a probability  distribution  $(X^^)  and 
defined  as  /X^iI>(Xj^)dXj^. 

Then  the  ratio  X^  = has  some  probability  distribution  ^^(X) 

and  firms  i and  j will  be  in  the  same  risk  class  if  and  only  if 

4-i(X)  = i(;j(X)  (2.66) 

While  pointing  out  that  a class  of  securities  identified 
by  (2.66)  is  not  "identical  to  that  of  the  Industry, M & M never- 
theless believed  that  for  empirical  work  industrial  classification 
adequately  approximated  this  condition.  They  used  samples  of  firms 
belonging  to  the  oil  and  electric  utility  industries  in  their 
initial  empirical  tests,  considering  each  Industry  as  a homogeneous 
risk  class. 
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Modigliani  and  Miller  [41,  fn.  9]. 
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There  was  and  still  is  substantial  disagreement  over  the 
generality  of  M & M's  use  of  industry  classification  as  a device  for 
partitioning  firms  into  equivalent  risk  classes.  For  example, 

Weston  [55]  criticized  M & M's  selection  of  the  oil  industry  as  a 
homogeneous  risk  class. 

The  difference  between  firms  in  the  oil  industry, 
in  particular,  are  great.  For  example,  in  a group 
of  42  oil  companies  used  by  Modigliani  and  Miller 
would  be  found  the  following  diversity:  fully 

integrated  oil  companies,  oil  companies  strong  in 
refining,  oil  companies  strong  in  distribution,  some 
regional  in  their  operations,  some  with  heavy 
investments  in  troubled  international  regions;  some 
with  stable,  assured  or  rising  income  from  petro- 
chemicals or  uranium  or  other  minerals. 

He  found  it  necessary  for  his  empirical  tests  of  M & M's  propositions 
to  use  the  electric  utility  industry.  M & M also  used  electric 
utilities  in  their  major  empirical  cost  of  capital  study  [39] 
because  they  considered  utilities  less  heterogeneous  than  other 
industry  groups.  In  another  major  study  of  M & M propositions, 
Alexander  Barges  [10]  selected  three  samples  with  differing  charac- 
teristics: Class  1 railroads,  department  store  companies,  and  cement 

companies.  While  admitting  that  much  of  the  data  for  intra-industry 
firms  was  to  some  extent  heterogeneous,  e.g.,  size,  market  served, 
stability,  and  earning  power,  Barges  claimed  that  the  heterogeneity 
was  not  so  large  as  to  lead  to  systematic  biases.  Finally,  in  [27], 
Haley  and  Schall  note: 
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Weston  [55,  p.  108]. 
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Even  with  perfect  markets,  the  M & M assumption 
that  firms  can  be  placed  into  risk  classes  with 
returns  that  have  identical  distributions  (except 
for  a possible  scale  factor)  and  are  perfectly 
correlated  is  of  questionable  validity.  No  such 
risk  classes  may  exist,  or,  if  they  do  exist,  a 
risk  class  may  include  streams  with  differing 
distributions  but  equivalent  risk.^^ 


Fama  and  Miller  condition.  Professors  Fama  and  Miller 
[22,  p.  161]  have  provided  a more  restrictive  equivalent  risk 
class  condition.  Firms  1 and  j are  in  the  same  risk  class  if  for 
all  periods 


Xi(t)  = A^X^Ct) 


(2.67a) 


and 


Ii(t)  = Ailj(t) 


(2.67b) 


where 


A^  - a proportionality  factor,  the  same  over  all  t for 
both  earnings  and  investments. 


Hie  authors  also  point  out  that  even  in  periods  before  t when 


and  investments  are  uncertain,  . , investors  must 
agree  that  whatever  values  earnings  and  investment  outlays  take 
in  any  period,  for  these  two  firms  they  are  always  proportional 
by  the  factor  A^^  and  hence  perfectly  correlated . 


^^Haley  and  Schall  [27,  p.  228]. 
^^Fama  and  Miller  [22,  p.  161]. 
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Comparison  of  the  two  risk  class  definitions.  Exactly  what 
are  the  differences  between  the  two  definitions  of  an  equivalent  risk 
class?  First,  neither  in  their  early  empirical  work  [41]  nor  in 
their  later  more  extensive  study  [39]  did  M & M impose  condition 
(2.67b)  on  investment  outlays.  However,  if  firms  are  to  be  true 
substitutes  for  one  another,  some  such  condition  is  required  to 
ensure  that  income  generated  per  dollar  of  invested  assets  is  iden- 
tical. An  obvious  difference  then  between  the  Modigliani  and  Miller 
and  the  Fama  and  Miller  definitions  of  equivalent  risk  classes  is 
the  condition  of  proportional  investment  outlay. 

An  additional  contrast  exists  because  income  condition 
(2.67a)  requires  all  elements  of  the  future  uncertain  income  stream 
X(t)  to  differ  by  only  when  realized.  This  assures  that  the 
distributions  of  scaled  earnings  are  Identical  and  therefore  per- 
fectly, positively  correlated.  On  the  other  hand,  condition  (2.66) 
requires  only  that  the  two  distributions  be  equal,  not  that  corre- 
sponding elements  of  the  income  streams  associated  with  those 
distributions  are  identical.  The  difference  between  the  two  earnings 
stream  conditions  then  boils  down  to  this:  Condition  (2.66)  imposes 
fewer  restrictions  on  the  characteristics  of  the  earnings  stream, 
but  necessarily  imposes  greater  restrictions  upon  the  preferences 
of  investors.  Investors  need  be  concerned  only  with  average  earnings 
over  time,  not  with  what  realized  earnings  will  be  each  period  as 
required  by  condition  (2.67a). 
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Summary 

Three  partial  equilibrium  cost  of  capital  specifications 
have  been  reviewed  for  the  non-growth  firm:  traditional,  ultimate 

flow,  and  M & M.  Also,  marginal  cost  of  capital  formulae  were 
derived  for  each  specification.  It  was  shown  that  the  marginal 
costs  of  capital  associated  with  the  traditional  and  ultimate  flow 
models  were  identical  under  conditions  of  perpetual  and  constant 
cash  flow.  Arditti  [4]  and  Ardltti  and  Levy  [7]  have  shown  that  when 
other  conditions  exist,  the  traditional  model  Incorrectly  specifies 
the  firm's  marginal  cost  of  capital.  Necessary  and  sufficient  con- 
ditions to  derive  the  marginal  cost  of  capital  were  briefly  reviewed. 
Myers  [46]  has  shown  that  the  M & M model  actually  requires  fewer 
assumptions  than  does  the  traditional  model.  Furthermore,  when  two 
assumptions  common  to  both  models  were  relaxed,  the  M & M model 
proved  to  be  more  robust  than  the  traditional  model. 

Alteration  of  the  perpetual  earnings  valuation  model  to 
allow  for  growth  was  introduced  by  way  of  a criticism  of  the  M & M 
growth  model  for  a levered  firm.  Arditti  and  Pinkerton  [8]  have 
shown  that  the  M & M valuation  model  (see  equation  (2.37))  places  too 
high  a value  on  the  growth  term. 

The  final  part  of  the  chapter  reviewed  the  theoretical 
requirements  of  the  equivalent  risk  class  assumption  (a  necessary 
and  sufficient  condition  for  deriving  marginal  cost  of  capital 
formulae) . 


CHAPTER  III 


REVIEW  OF  EMPIRICAL  COST  OF  CAPITAL  STUDIES 

Because  a single  chapter  cannot  review  in  depth  all  of  the 
important  contributions  regarding  the  estimation  of  the  cost  of 
capital,  an  alternative  approach  is  needed.  In  the  next  section 
therefore,  several  significant  studies  will  be  summarized.  They  are: 
Modigliani  and  Miller  [41],  Barges  [10],  Weston  [55],  Wippern  [57], 
and  Brigham  and  Gordon  [13].  Then  in  subsequent  sections  of  the 
chapter  a detailed  review  will  be  conducted  of  Miller  and  Modigliani 
[39],  Gordon  [26],  Litzenberger  and  Rao  [32],  and  McDonald  [36]. 

The  articles  selected  for  the  more  extended  review  are  not  neces- 
sarily better  than  the  studies  placed  in  the  preceding  resume  or 
omitted.  Rather,  the  selection  is  based  on  a desire  to  demonstrate 
methodology  as  well  as  results.  The  Gordon  monograph  and  the 
Litzenberger  and  Rao  article,  for  example,  made  use  of  ordinary 
least-squares  regression;  Miller  and  Modigliani  employed  two-stage 
least-squares  regression;  and  McDonald's  use  of  iterative  least- 
squares  regression  enabled  him  to  explicitly  include  the  nonlinearity 
of  the  growth  term  in  his  statistical  model.  Also,  some  of  the 
empirics  were  duplicative  of  other  work  and  therefore  were  only 
summarized.  An  example  is  the  Gordon  monograph,  an  updated,  more 
exhaustive  version  of  Brigham  and  Gordon. 
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The  final  section  of  the  chapter  again  addresses  the  assump- 
tion of  equivalent  business  risk  among  firms,  this  time  by  reviewing 
two  empirical  studies.  The  first  one  is  by  Wippern  [56]  who  used 
classical  analysis  of  variance  and  multiple  comparison  tests  to 
examine  business  risk  among  industries.  The  second  study  is  by 
Conedes  [23].  lie  rejected  the  use  of  the  parametric  model  in 
Wippern 's  analysis,  employing  instead  nonparametric  analysis  of 
variance  to  reject  the  hypothesis  of  equal  business  risk  among  and 
within  industries. 


Several  Cost  of  Capital  Studies 
Modigliani  and  Miller 

In  Chapter  II  the  M & M defined  relationship  between 
required  rate  of  return  on  equity  capital  and  financial  leverage  in 
a world  of  no  taxes  was  given  as 

I = p + (p  - i)|  (2.19) 

When  taxes  were  included  in  the  analysis,  the  after-tax  required 
rate  of  return  on  equity  was  stated  as 

L-- 

= pT  + (1  - p)  (pT  - i)D  (2.25) 

b s 

Statistical  tests  of  the  above  equations  have  generally  been  based  on 
a cross  section  of  firms,  presumably  of  the  same  class  of  business 
risk.  As  noted  in  Chapter  II,  unlevered  firms  within  a given  risk 
class  must  have  identical  rate  of  return  distributions  (see  condi- 
tion (2 . 66) ) . 
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A statistical  equation  can  be  formed  for  equations  (2.^)  and 


(2.25)  as 


k = a„  + ai  + u 

(j  s 


(3.1) 


where  a^  and  a^  are  regression  coefficients  with  expected  values 
equal  to  either  p and  (p  - i)  respectively  for  equation  (2.20)  or 


case  k is  a linear  function  of  the  debt-to-equity  ratio.  However,  if 
k is  a curvilinear  function  of  financial  leverage  then 


may  be  a more  appropriate  statistical  equation  for  testing  the 


relationship  hypothesized  in  equations  (2.20)  and  (2.25).  In  their 
original  paper  Modigliani  and  Miller  [41]  used  data  gathered  from 
earlier  studies  to  substantiate  their  several  propositions  on  the 
cost  of  capital.  The  results  of  their  regressions  tended  to  support 
their  Proposition  II.  That  is,  estimates  of  Sq  and  a^^  were  statisti- 
cally significant  and  of  "plausible"  magnitudes.  The  estimate  for 
32  in  equation  (3.2)  was  either  not  significant  or  it  had  the  wrong 
sign.  M & M measured  k as  the  inverse  of  the  firm's  price-to- 
eamings  ratio,  and  D/S  as  the  market  value  of  debt  divided  by  the 
market  value  of  equity. 

Several  Criticisms 

A number  of  problems  with  M & M's  early  empirical  work  have 


p^  and  (1  - x)(p^  - i)  respectively  for  equation  (2.25).  In  either 


k = 3q  + a 


(3.2) 


been  pointed  out.  Barges  [10]  noted  the  existence  of  spurious 
correlation  because  the  market  value  of  equity,  appearing  on  both 
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sides  of  the  statistical  equation,  biased  the  results  toward  being 
significant.  For  the  most  part,  Barges  replicated  M & M's  tests  with 
his  own  samples  of  homogeneous  firms  but  measured  the  debt-to-equity 
ratio  with  historical  (or  book)  values.  His  results  were  consistent 
with  the  traditional  view  of  a saucer  shaped  average  cost  of  capital 
function.  Evidence  supporting  the  traditional  view  was  also 
gathered  by  Wippern  [57].  He  replicated  M & M's  tests,  but  used  a 
ratio  of  the  cash-flow  cost  of  the  debt  to  earnings  before  interest 
and  taxes  as  an  indication  of  financial  leverage.  Another  criticism 
of  the  original  M & M empirical  work  was  made  by  Weston  [55].  He 
pointed  out  that  the  earnings— to— price  ratio  M & M used  to  measure 
k was  appropriate  only  for  firms  with  no  anticipation  of  further 
growth  in  earnings.  Thus,  M & M's  use  of  this  ratio  as  a measure  of 
the  required  rate  of  return  on  equity  biased  their  results.  By 
adding  additional  variables  to  the  right-hand  side  of  the  statistical 
equation,  specifically  total  assets  and  the  growth  rate  in  earnings 
per  share,  Weston's  results  also  supported  the  traditional  view. 

Brigham  and  Gordon 

Professors  Brigham  and  Gordon  [13]  based  their  analysis  on 
the  stock  valuation  equation 

00 

P = ^ d(t)e~^-tdt  (3. 3) 

o 

where 

P = price  per  share  of  common  stock 
d(t)  = expected  dividend  per  share  in  period  t 
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Assuming  that  the  firm  retains  an  expected  fraction  a of  the  current 
year's  after-tax  earnings  and  earns  an  after-tax  rate  of  return  p* 
on  this  incremental  equity,  then  the  expected  dividend  in  any  future 
period  t will  lie 

d(t)  = (1  - a)(l  - x)x(o)e“‘'^  (3.4) 

where 

(1  -t)x(o)  is  defined  as  net  income  available  to  each  share 
of  common  stock  at  t = 0. 

Substituting  (3.4)  into  (3.3)  and  integrating  the  latter,  assuming 
ap*  < k,  gives 

p = - g) (1  - t)x(1) 

k - ap* 

Recognizing  (1  - a)(l  - t)x(1)  as  'd(l)  , equation  (3.5)  was  solved  as 


= k - bp*  (3.6) 

If  all  earnings  are  paid  in  dividends,  then  M & M's  required  return 
on  equity  for  a public  utility  is  written  as  equation  (2.20)  above, 
which  substituted  into  (3.6)  gives^ 

= p - ap*  + (p  - i)|  (3.7) 

or  in  statistical  form 


d(l) 

P 


^o  + ^1 


ap*  + a2~  + 


(3.8) 


The  fact  that  Brigham  and  Gordon  used  the  required  rate  of 
return  formula  for  a no— tax  world  is  due  to  the  after-tax  regulation 
of  utilities.  More  is  said  on  this  point  in  the  next  section. 
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where 

(1)  E(aQ)  = p,  ECa^)  = -1,  and  E(a2)  = (p  - i)  if  there  is 
no  impact  on  share  price  from  either  dividend  policy  or 
financial  leverage,  or 

(2)  -1  < E(aj^)  < 0 indicates  that  k is  an  increasing 
function  of  ap*,  and 

(3)  E(a2)  < (p  - i)  indicates  investors'  preference  for 
corporate  rather  than  personal  leverage. 

In  their  statistical  formulation  of  equation  (3.7)  the  authors 

included  some  additional  variables  to  account  for  the  heterogeneity 

of  the  sample.  Their  results,  the  authors  concluded,  were  generally 

consistent  with  the  traditional  theory  of  capital  structure. 

Brigham  and  Gordon  also  formulated  a nonlinear  model  which  is  nearly 

identical  to  Gordon's  nonlinear  model  discussed  below. 

Miller  and  Modigliani:  Some  Estimates  of  the  Cost  of 

Capital  to  the  Electric  Utility  Industry,  1954-57 

Miller  and  Modigliani  [39]  employed  two-stage  regression  to 
calculate  estimates  of  the  cost  of  capital  to  the  electric  utility 
industry  for  the  years  1954,  1956,  and  1957.  They  found  no  evidence 
of  sizable  leverage  or  dividend  effects  for  the  utility  industry  of 
the  type  assumed  in  traditional  finance  theory.  Furthermore,  esti- 
mates of  the  cost  of  equity  capital  and  average  cost  of  capital 
calculated  by  their  model  followed,  they  claimed,  reasonably  well 
the  existing  rates  on  long-term  bonds  over  the  period  of  study. 

The  Miller  and  Modigliani  Study 

The  M & M valuation  model  for  a levered  firm  with  growth 


potential  is 
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V = p + tD  + aX(l  - t)^*  ^ T (2.37) 

From  (2.41),  the  following  statistical  equation  was  formed 


V 


- tD  ^ 
A 


X(1  - t)  + 


M 

A 


+ u 


(3.9) 


where 


Sq  ~ a measure  of  the  effect  of  scale  on  valuation 


ai  = 1/p 


a2  = 
A = 


the  contribution  of  growth  to  value  equal  to 
total  assets  at  book  value 


p*  - C 

C(1  + c) 


T 


AA  - an  estimate  of  X(1  - t)  taken  as  the  average  change  in 
assets  over  a four  year  period 

u = a random  disturbance  term 

The  coefficient  ap  was  of  principal  importance  to  M & M because  its 
inverse,  the  after-tax  cost  of  capital  for  a pure  equity  firm,  was 
employed  in  calculating  the  marginal  cost  of  capital  function 


C(L)  = p'^d  - tL)  (2.36) 

To  avoid  errors  in  published  accounting  data,  M & M adopted 
an  instrumental  variable  for  expected  long-run  tax— adjusted  earnings. 
To  implement  this  approach  an  estimate  of  (x’’-  - xR) /A  was  first 
calculated  as 


(X^  - Tint) 
A 


= b. 


M + b D + b, 

A 3 A 4 AT 


+ V 


(3.10) 


where  newly  defined  variables  are 

Int  = average  interest  payments 
PF  = market  value  of  firm's  preferred  stock 
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Div  = total  dividends  paid  to  common  stock 
V = a random  disturbance  term 

In  the  second  stage  of  the  regression  the  fitted  values  of  (3.10) 
were  used  for  earnings  in  (3.9)  to  calculate  the  estimates  a^,  a^^, 

32  reported  in  Table  3.1.  The  regressions  for  each  year  were  fitted 
with  and  without  a constant  term  in  order  to  substantiate  M & M's 
hypothesis  that  the  true  constant  term  of  the  statistical  equation 
was  zero;  i.e.,  the  constant  term  not  being  significantly  different 
from  zero  served,  the  authors  believed,  to  confirm  their  use  of  the 
instrumental  variable  approach.  Coefficients  associated  with 
dividend  payout  and  total  debt,  additional  explanatory  variables 
added  to  the  second-stage  regression,  were  found  to  be  not  signifi- 
cantly different  from  zero. 

Table  3.2  reports  M & M's  estimates  of  the  cost  of  equity 
capital  for  a pure  equity  stream,  the  average  earnings  yield  on 
shares,  and  the  reciprocal  of  the  market-to-book  value  ratio.  The 
estimated  cost  of  equity  capital  was  calculated  as  the  reciprocal 
of  coefficient  aj^  (see  equation  (3.9)).  The  relative  importance  of 
each  of  the  variables  in  equation  (3.9) — cost  of  equity,  growth, 
leverage  (debt  and  preferred),  and  size — is  reported  in  Table  3.3. 

Critique  of  the  Miller  and  Modigliani  Study 

Criticism  of  M & M's  empirical  study  has  generally  fallen 
into  one  of  the  following  categories:  (1)  an  upward  biased  estima- 
tion of  aj^;  (2)  the  inadequacy  of  the  designed  tests  to  measure  the 
impact  of  financial  leverage  and  dividend  policy  on  firm  value;  and 
(3)  heterogeneous  results  when  cross-sectional  estimates  were 
calculated  for  additional  years. 
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Second- 

Table  3.1 

•Stage  Estimates  with  Computed 
Dependent  Variable:  (V-tD) /A 

Earnings 

Computed 

Earnings 

Size 

Growth 

Multi . 

Year 

Constant 

(XT-tR)/A 

I/A-IO^ 

M/A 

R 

1957 

-.004 

16.2 

-.280 

1.37 

.87 

(.08) 

(1.7) 

(.08) 

(.24) 

1956 

.054 

15.6 

-.122 

.847 

.87 

(.08) 

(1.6) 

(.07) 

(.23) 

1954 

.072 

18.1 

-.234 

.286 

. 77 

(.10) 

(2.2) 

(.07) 

(.17) 

1957 

a 

16.1 

-.280 

1.36 

.88 

(.46) 

(.08) 

(.23) 

1956 

a 

16.7 

-.114 

.896 

.87 

(.40) 

(.07) 

(.21) 

1954 

a 

19.7 

-.244 

.299 

.73 

(.45) 

(.07) 

(.18) 

Source:  Miller  and  Modigliani  [39]. 

^Constrained  to  equal  zero. 
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Table  3.2 


Estimated  Cost  of  Equity  Capital  and  Some 
Alternative  Measure  of  Equity  Costs 


Year 


Estimated  Cost 
of  Equity  Capital 
(P) 


Average  Earnings 
Yield_on  Shares 
(tt^/S) 


Reciprocal  of  Price 
to  Book-Value 
Ratio 
(E/S) 


Amt . 

As  per- 
cent of 

Amt . 

As  per- 
cent of 

Amt . 

As  per- 
cent of 

1957 

.062 

1954 

122 

.070 

1954 

106 

.64 

1954 

105 

1956 

.060 

118 

.070 

106 

.63 

103 

1954 

.051 

100 

.066 

100 

.61 

100 

Source : 

Miller 

and  Modigli 

ani  [39]. 
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Table  3.3 


Relation  Between  Average  Earnings  Yield  and  the  Cost 
of  Equity  Capital 




Component 

1957 

1956 

1954 

Average  Earnings  Yield 

.070 

.070 

.066 

Less : 

Leverage  Effect 

.019 

.017 

.014 

Debt 

.016 

.014 

.012 

Preferred  Stock 

.003 

.033 

.002 

Size  Effect 

.002 

.001 

.002 

Plus : 

Growth  Effect 

.014 

.008 

.003 

Total 

.063 

.060 

.053 

Estimated  Cost  of  Equity  Capital 

.062 

.060 

.051 

Source:  Miller  and  Modigliani  [39]. 
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Crockett  and  Friend.  For  the  most  part  Crockett  and  Friend 
[16]  questioned  the  existence  of  biases  in  the  statistical  model. 
First,  they  argued,  size  must  be  explicitly  taken  into  account. 

Through  a diversification  effect,  the  cost  of  equity  capital  could 
vary  with  size  thus  creating  a nonlinear  relationship  between 
(V  - tD)  and  (X’’^  - tR)  . Enforced  linearity  of  that  relationship  would 
result  in  a^^  being  biased  upward.  A second  potentially  upward 
bias  in  aj  is  caused  by  the  replacement  of  actual  earnings  with 
instrumental  variables.  That  is,  the  inclusion  of  disbursements  such 
as  dividends,  debt  service,  and  preferred  stock  dividends  could  have 
independent  effects  upon  value.  Finally,  the  selection  of  the  average 
change  in  assets  as  the  growth  variable  could  bias  aj^  upward. 

Crockett  and  Friend,  while  in  general  agreement  with  M & M about  the 
components  of  growth,  believed  that  the  rate  of  return  on  existing 
assets  ((X^  - tR)/A)  and  the  rate  of  return  anticipated  on  additional 
assets  were  highly  positively  correlated.  Thus,  impacting  the 
latter  into  the  a2  coefficient  would  create  an  upward  bias  in  due 
to  the  positive  correlation  between  a^  and  a2-  Gordon  [24]  also 
came  to  this  conclusion. 

M & M [40]  responded  to  each  of  Crockett  and  Friend's  points. 
First,  plots  of  V - tD  on  - tR  showed  no  evidence  of  the  hypoth- 
esized curvature.  Second,  a specific  size  variable  (log  of  total 
assets)  was  initially  included  to  test  for  serious  distortion;  none 
was  found.  Third,  dividends  were  excluded  from  the  first-stage 
regression  and  almost  identical  results  obtained.  Finally,  with 
respect  to  the  growth  term,  M & M countered  that  the  argument 
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presented  by  Crockett  and  Friend  was  inconsistent.  Rate  of  return  on 
additional  investment  must  exceed  the  cost  of  capital  for  growth  to 
exist  at  all.  Thus,  it  is  inconsistent  to  argue  that  the  growth 
coefficient  is  underestimated  while  the  existing  earnings  coefficient 
is  overestimated.  Furthermore,  M & M concluded,  numbers  obtained  by 
Crockett  and  Friend  for  comparison  to  ttieirs  were  extremely  close 
when  similar  weights  (M  & M used  market  value  and  Crockett  and 
Friend  used  book  value)  and  marginal  tax  rates  (x  = .52  according  to 
M & M compared  to  x = .50  for  Crockett  and  Friend)  were  used. 


Gordon . Myron  Gordon's  [24]  criticism  was  directed  primarily 
at  M & M's  test  for  the  significance  of  leverage  and  dividend  policy 
as  determinants  of  firm  value.  Gordon  contended  that  since  the 
sample  was  drawn  exclusively  from  the  electric  utility  industry,  the 
particular  characteristics  of  rate  of  return  regulation  must  be 
accounted  for  in  the  model.  Specifically,  since  utilities  are  regu- 
lated by  their  after-tax  rate  of  return.  Interest  payments  should 
have  been  treated  as  an  after-tax  expense.  Because  the  tax  subsidy 
is  passed  directly  on  to  consumers  through  lower  total  revenue 
requirements,  Gordon  believed  that  the  xD  benefit  did  not  exist 
for  utilities.  Therefore,  instead  of  equation  (3.9),  M & M should 
have  used 


V 

A 


+ a 


XT 
1 A 


+ ao  i + a.j  ^ + u 
k 3 ^ 


(3.11) 


Furthermore,  if  debt  and  preferred  stock  variables  had  been  included 
in  equation  (3.11)  rather  than  (3.9),  each  of  the  coefficients  would 
have  been  positive  and  significant. 
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V^/iCh  respect  to  the  significance  of  dividend  policy,  Gordon 
argued  that  M & M's  statistical  equation  precluded  testing  for  two 
reasons.  One,  the  dependent  variable  should  have  been  the  value  of 
common  shares  rather  than  total  firm  value,  and  two,  M & M's  dividend 
variable  measured  the  average  fraction  of  earnings  on  all  assets  paid 
in  dividends  rather  than  a payout  ratio  of  dividends  relative  to 
earnings  available  to  common  stock.  Since  dividend  policy  should  be 
highly  correlated  with  share  value,  M & M's  variable  could  be 
expected  to  display  lower  correlation  with  V - xD  than  with  share 
value. 

M & M [40]  conceded  that  their  use  of  electric  utilities  for 
the  test  sample  brought  into  question  the  independence  of  X/X  and 
leverage,  as  opposed  to  Gordon's  view  that  X'^/x’^  is  independent  of 
leverage.  But,  they  argued,  if  X^/X^  is  independent  of  leverage, 
then  it  follows  that  the  tax  subsidy  to  consumers  causes  X/X  to  be 
a decreasing  function  of  leverage.  Furthermore,  if  investors 
have  a preference  for  levered  firms  for  reasons  other  than  the  tax 
savings,  the  coefficient  for  preferred  stock  in  the  second-stage 
regression  should  have  been  positive  when  in  fact  it  was  not  signifi- 
cant. As  far  as  any  downward  bias  in  the  dividend  coefficient,  M & M 
admitted  to  some  bias  but  dismissed  it  as  being  so  small  as  not  to 
alter  their  major  conclusion. 


For  additional  discussion  relating  to  the  impact  of 
financial  leverage  on  regulated  industries,  see  Elton  and  Gruber 
[20]  and  [21]  and  Gordon  and  McCallum  [25]. 
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Robichek,  McDonald,  and  Higgins.  A replication  of  M & M's 
methodology  for  additional  years  was  conducted  by  Robichek,  McDonald, 
and  Higgins  [49].  They  noted  that  the  coefficients  changed  dramati- 
cally. For  example,  the  Increased  value  of  the  earnings  coefficient 
through  1964  resulted  in  a decline  of  some  25  percent  in  the  cost  of 
equity  estimate.  However,  M & M [40]  pointed  out  that  during  this 
same  time  the  average  market  value  for  securities  rose  43  percent, 
while  earnings  increased  only  a 14  percent.  M & M also  countered 
that  the  two  sets  of  results  were  not  really  comparable.  They  had 
recorded  debt  and  preferred  stock  at  market  value,  while  their 
critics  had  used  book  value.  Also,  deferred  taxes  became  increasingly 
important  in  the  late  fifties  and  early  sixties. 

Summary  of  the  Miller  and  Modigliani  Study 

Tlie  M & M study  is  important  for  several  reasons.  One  is 
the  two-stage  least-squares  regression  technique  employed,  the  first 
employed  in  financial  modeling.  Also,  it  provided  estimates  of  the 
average  cost  of  capital,  which  although  low  cannot  be  ignored. 

The  weakest  portion  of  their  analysis  appears  to  be  the  leverage  and 
dividend  tests  which  even  M & M admitted  did  not  close  the  issue. 

Gordon:  The  Cost  of  Capital  to  a Public  Utility 

In  his  detailed  monograph  Myron  J.  Gordon  [26]  refined  and 
extended  his  and  Eugene  F.  Brigham's  [13]  earlier  work.  The  per- 
fectly competitive  capital  markets  cost  of  capital  (hereafter  PCCM) 
is  defined  by  Gordon  as  (see  equation  (2.15)) 

k-S  + 1-D 


Z 


S + D 


(3.12) 
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As  pointed  out  above,  the  principal  difference  between  those 
who  see  a world  described  by  M & M and  those  who  believe  an  advantage 
exists  for  moderate  amounts  of  debt  in  a firm's  capital  structure 
rests  upon  the  cost  of  equity  capital 

k = P + (3.13) 

If  Y = (P  - i) , then  Z = p and  the  cost  of  capital  is  independent  of 
financial  leverage.  On  the  other  hand,  if  y < (p  - i) , Z is  a 
decreasing  function  of  financial  leverage  up  to  some  level  of  debt. 
Thereafter  interest  rates  increase  due  to  the  increased  possibility 
of  default.  For  a public  utility  Gordon  believes  that  except  for  k 
historical  rather  than  market  values  should  be  used  in  (3.12), 
giving 


2 = k • E + e • B 
E + B 


(3.14) 


with 


k = P + Y-  (3.15) 

E 

A major  portion  of  Gordon's  empirical  work  was  devoted  to 
the  testing  of  equations  (3.13)  and  (3.15).  In  the  process  the 
M & M and  traditional  dividend  rate  and  stock  financing  theorems 
were  also  examined.  Gordon  concluded  that  the  validity  of  all  of 
them  is  questionable  with  respect  to  public  utilities.  His  alter- 
native nonlinear  model  is  also  presented  and  empirically  tested. 
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Test  of  PCCM  Leverage  Theorem 

For  equation  (3.13)  Gordon  estimated  coefficients  for  the 
statistical  equation 

" ^o  'll  ‘"^2^  ^3^*^  '"^4^  ^ (3.16) 

where 

g = a weighted  average  of  growth  in  dividend  due  to 
retention  up*  and  stock  financing  sv^ 

se  = percentage  of  electricity  sales  to  total  sales 

Q = an  index  of  the  quality  of  earnings 

Next  the  average  leverage-free  rate  of  return  on  common  stock  was 

calculated  as 


^o  = 


+ 


(3.17) 


where 

g,  se,  and  Q are  sample  average  values 
Table  3.4  reports  the  results.  In  all  years  the  difference  between 
(3o  = aj^)  and  i is  significant  at  the  5 percent  level  of  signifi- 
cance. Gordon  also  reformulated  his  statistical  equation  to  allow 
for  varying  risk;  that  is,  different  p,  among  the  sample  firms.  The 
results  were  not  improved.  The  quantity  Bq  - a^^  remained  signifi- 
cantly larger  than  i. 


3 

The  weights  used  were  estimated  by  a regression  of  dividend 
yield  on  a number  of  variables  including  an  infinite  horizon  growth 
rate  g^^  - ap’-  + sv  and  a smoothed  earnings  per  share  growth  rate  g2. 
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Table  3.4 


Test  of  the  PCCM 

Leverage  Theorem 

Year 

* 

^0 

a*  - a-i 
o ^ 

i 

t value 
(^o  " a.i)  “ 1 

1958 

.0866 

.0815 

.0422 

10.03 

1959 

.0918 

.0861 

.0471 

00 

1960 

.0877 

.0836 

.0449 

9.03 

1961 

.0801 

.0749 

.0450 

6.10 

1962 

.0842 

.0779 

.0431 

8.80 

1963 

.0842 

.0776 

.0439 

9.16 

1964 

.0865 

.0824 

.0446 

9.05 

1965 

.0880 

.0828 

.0475 

8.40 

1966 

.0965 

.0923 

.0546 

8.88 

1967 

.0999 

.0960 

.0640 

5.28 

1968 

.0939 

.0892 

.0675 

4.16 

Source:  Gordon  [26]. 
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Test  of  the  Traditional  Leverage  Thereom 

To  test  the  traditional  leverage  theorem  for  a public 
utility,  Gordon  changed  the  leverage  variable  from  D/S  to  B/E. 
Although  p is  still  estimated  by  a^,  there  is  no  theoretical  basis 
requiring  aj^  be  equal  to  p - i.  Rather,  according  to  the  tradi- 
tional view,  it  should  lie  between  0 and  p - i,  depending  upon  the 
average  coupon  rate  relative  to  the  existing  yield  on  debt.  When 
the  historical  debt— to— equity  ratio  was  used  as  the  leverage  vari- 
able rather  than  the  market  value  debt-to-equity  ratio,  a^^  was 
positive,  but  significant  in  only  five  of  the  eleven  years.  Once 
again  Gordon  calculated  an  estimate  of  the  leverage-free  rate  of 
return  on  common  stock  by  equation  (3.17)  and  compared  the  quantity 
(ao  - i)  to  a^,  the  estimate  of  y in  equation  (3.13).  Gordon  con- 
cluded that  since  a^  was  smaller  by  amounts  significant  at  the  1 
percent  level  or  better,  his  results  were  in  agreement  with  the 
traditional  theory  (as  he  defined  it  for  electric  utilities) . 

The  Imperfect  Market  Model 

Gordon  based  his  imperfect  market  model  on  the  same  hypoth- 
esis of  Brigham  and  Gordon  113J.  That  is,  k increases  with 
(g  = ap*)  by  increasing  amounts  such  that 


k = ap*  + 


(3.18) 


where  l/a^  is  the  yield  at  which  a share  would  sell  with  zero  growth 
and  > 1.  Substitution  of  (3.18)  into  equation  (3.5)  gives  the 
present  value  of  a share  of  common  stock  as 
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■k 

aj^ap 

P = a^(l  - a)(l  - T)xe  (3,19) 

To  allow  for  financial  leverage  and  common  stock  financing  additional 

exponential  variables  were  included  resulting  in 

~k  9 

a,ap  a2B/E  a^vs  a,s 

P = ao(l  - a)(l  - r)xe  e e e (3.20) 

where 

V = the  fraction  of  funds  provided  during  period  t that 
accrues  to  shareholders  at  the  beginning  of  period  t 

s = funds  raised  from  the  sale  of  common  stock  as  a fraction 
of  existing  common  equity. 

Gordon  tested  seven  different  statistical  formulations  of 
(3.20)  by  pooling  the  eleven  years  of  data  and  including  ln(i)  as 
an  additional  variable  to  account  for  changing  interest  rates.  The 
selection  of 

d 

E ~ a^vs 

R 2 

+ 3486  + a^B.  + a^s  + ayse  + u (3,21) 

E 

as  the  best  statistical  equation  was  based  on  the  reasonableness  of 
the  coefficients,  and  Gordon's  belief  in  the  virtue  (for  a utility) 
of  using  book  value  of  equity  as  a deflator.  Additional  independent 
variables  in  (3.21)  are  ge  defined  as  the  excess  of  the  smoothed 
rate  of  growth  in  earnings,  and  se  defined  above.  Table  3.5  reports 
the  results  of  cross-section  regressions  for  eleven  years.  Coeffi- 
cients a^^,  a2>  and  a^  are  all  significant  with  the  correct  sign  in 
every  year.  The  others  are  generally  significant  with  the  correct 
sign. 
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Table  3.5 


Cross-Section  Estimates  of  the  Parameters  of  an 
Imperfect  Capital  Markets  Model 


lo  (?/e:  • 

iniaol  + 

a .In  1 G ,, 

E 1 * a j 

c * • a 

j 

s ^ 3i  - 

a _3/£:  - a 

s"  - .a  _se  - u 

Year 

lolao] 

a ^ 

^3 

a , 

a - 

I c 

1958 

1.508 

. io  3 

(.090) 

(1.09) 

16.31 

(2.10) 

1.1- 

t..64) 

- . 0d4 

( .030) 

-28. 3& 
(3.60) 

.0-2 

(.060'  (, 

91b 

.2*3-) 

1959 

1.156 

.556 

(.098) 

3.97 

(1.05) 

17.69 

(2.07) 

1.36 

(.87^ 

-.018 

(.0-1) 

-42 . 12 
(12.06) 

.191 

(.CSl)  (. 

893 

OS57) 

1960 

1.521 

.589 

(.096) 

10.02 

(1.29) 

20.60 

(2.23) 

3.02 

(.86) 

-.006 

(.013) 

-53.80 

(15.07) 

.190 

(.0--)  (. 

905 
036  = ) 

1961 

1.801 

. 670 
(.103) 

11.91 

(1.76) 

13.17 

(2.39) 

. 73 

(1.01) 

-.032 

(.0o3) 

-22 . - 3 

(25.21) 

. 216 
(.038) 

S-6 

1013; 

1962 

2.501 

.359 

(.081) 

11.93 

(1.21) 

3.54 

(2.13) 

2.  ..5 

(1.25) 

-.131 

(.055) 

3.50 

(25.1s) 

.203 

(.062)  1. 

150 

09-3) 

19o3 

2.302 

. 300 
(.075) 

12.65 

(1.20) 

12.01 

(2.11) 

4.77 

(1.37) 

-.085 

(.017) 

-35.73 

(26.66) 

.136 

(.030)  (. 

382 

C363) 

196>* 

.819 

(.075) 

11.23 

(1.22) 

9.16 

(1.72) 

5.19 

(1.51) 

-.090 
( .017) 

-♦.23 

■:2".30) 

(.07=) 

378 
:8S-  : 

1965 

2.033 

. 799 
(.077) 

13.35 
(1.3  3) 

12. o2 
(1.06) 

1.71 

(l.o3) 

-.039 
; . C 5 1 ) 

-2.10 
(3. SI) 

''  T 7 

.•.077)  (. 

0905) 

1966 

1.539 

.335 

(.071) 

15.52 

(1.53) 

12.  b5 
(2.33) 

6.72 

(1.51) 

-.027 

(.050) 

.590 

(3.5-) 

. 3-“» 

;.075) 

1.; 

086=) 

1967 

1.  760 

. o53 
(.079) 

7.67 

(2.13) 

33.65 

(1.73) 

(1.61) 

-.016 

(.017) 

-1-.53 

(-.01) 

. 106 
(.089) 

S?3 
•09 '6  ‘ 

1968 

2.010 

. 652 
(.068) 

6 . 13 
(1.63) 

1-.  :’i 
(2.'S) 

.81 

(1.31) 

-.096 
( .031) 

-5.10 

(2.07) 

. 121 
(.070) 

386 

07'-o' 

Source 

: Gorcon  | 

[;8i. 

Noce : 

The  numbers  in  parer.iheses 

are  the 

scandard 

errors  of 

ir.e  paramecer  escimacei. 
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Critique  of  Gordon's  Study 

In  spite  of  Gordon's  assertion  that  equation  (3.21)  did  an 

excellent  job  of  explaining  niarket-to-book  ratios  among  utility 

2 

stocks,  the  high  R values  are  perhaps  misleading.  Correlation 
among  the  independent  variables  was  not  examined.  However,  it  is 
likely  that  high  positive  correlation  exists  between  the  growth 
variables  ap  , vs,  s^,  and  ge.  That  additional  explanatory  variables 
appear  in  the  statistical  equation,  but  not  the  theoretical  model 
(see  equation  (3.20))  is  also  disturbing.  Finally,  it  must  be  noted 
that  component  costs  are  not  directly  estimated  by  the  statistical 
equation.  Rather,  from  (3.20)  Gordon  derives  equations  for  the  cost 
of  debt,  cost  of  retention  capital,  cost  of  stock  financed  capital, 
and  finally  an  average  cost  of  capital.  Nevertheless,  Gordon's 
monograph  remains  a most  detailed  exposition  on  the  determinants  of 
value  for  electric  utilities. 

Lltzenberger  and  Rao : Estimates  of  the  Marginal  Rate  of 

Time  Preference  and  Average  Risk  Aversion  of  Investors 
in  Electric  Utility  Shares:  1960-66 

Lltzenberger  and  Rao  [32]  developed  an  econometric  model  of 
the  valuation  of  electric  utility  shares  under  uncertainty.  Their 
model  is  similar  to  the  M & M all— equity  growth  model  developed  in 
[38],  but  it  differs  in  that  individual  firm  business  risk  enters 
the  model.  Assumptions  underlying  the  Litzenberger-Rao  model  are: 

(1)  there  exists  a perfectly  competitive  capital  market  dominated 
by  a large  number  of  risk-averse  investors  each  with  sufficient  funds 
for  complete  diversification;  (2)  each  investor  has  a utility 
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function  definable  over  the  first  two  moments  of  the  distribution 
of  portfolio  rates  of  return;  (3)  investors  are  characterized  as 
possessing  identical  probabilistic  expectations  of  future  earnings 
for  each  firm;  and  (4)  investors  may  borrow  or  lend  freely  at  the 
pure  rate  of  interest. 


Development  of  the  Model 

Given  these  assumptions,  it 
rate  of  return  on  a share  of  common 

*^i  = ’^o  + f^m 


can  be  shown  that  the  required 
stock  is^ 
a 


- r. 


im 
a 2 


(3.22) 


m 


where 


r^  = the  riskless  rate  of  interest 

k^  = the  required  rate  of  return  on  the  market  portfolio 
of  risky  assets 

*^im  " covariance  between  the  rates  of  return  on  the 
ith  security  and  the  market  portfolio 

= the  variance  of  the  rate  of  return  on  the  market 
portfolio 

It  is  possible,  of  course,  to  also  write  (3.22)  as 


ki  = 


+ 


R - 
m 


p . 0 . 

^im  1 


(3.23) 


In  the  absence  of  growth  it  can  be  shown  that  the  market  value  of  a 


share  of  common  stock  is 


The  seminal  work  in  portfolio  and  capital  market  theory  is 
attributed  to  Markowitz  [34],  Tobin  [52],  Sharpe  [51],  Lintner  [31], 
and  Mossin  [44] . 
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p.  = (3.24) 

h 

Expression  (3.24)  combined  with  the  homogeneous  expectations  of 
investors  permits  equating  the  nondiversifiable  standard  deviation. 
Pirn'll’  of  (3.23)  with 


Pim^j(Y) 

Pi 


(3.25) 


Substituting  (3.25)  into  (3.23),  then  replacing  of  (3.24)  with 
expression  (3.2  3)  and  solving  for  gives 


P.  = (P  - - APiniOg  - T)x. 


(3.26) 


The  term  A - - r^]/a^  is  the  marginal  required  return  per  unit 

of  nondiversifiable  standard  deviation;  thus,  ^Pj^^o(l  - x)xj^  is  the 
additional  earnings  required  as  a prem.ium  for  undiversif iable  risk. 
The  right-hand  side  of  (3.26)  then  is  a certainty  equivalent  value 
for  security  i. 

To  Include  growth  in  the  valuation  model,  Litzenberger  and 
Rao  used  the  M & M growth  component  developed  in  [39],  i.e.. 


ABVi(p*  - ki) 

1 kid  + ki)  ^ 


(3.27) 


where 


ABVi  is  the  expected  dollar  amount  per  share  of  equity 
investment  for  firm  i during  the  current  year 

Pi  IS  the  expected  after-tax  rate  of  return  on  equity 
investment  assumed  equal  to  the  existing  rate  of 
return,  (1  - x)xi/Ei 


Adding  Gi  to  (3.26)  gives 
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P. 

1 


(1  - t)x  - Ap.  o(l  -t)x.  ABV  (p*  - k.) 
1 im  1 1 

^ kid  + k.) 


T (3.28) 


Statistical  Equations 

From  equation  (3.28)  a general  statistical  equation  was 
formed  as 


Pi  = Yi(l  - x)xi  + Y2s[(l 


x)xi] 


+ Y- 


ABV^(p^  - k^) 
kid  + ki) 


+ ^i 


(3.29) 


where 


Yi  = l/r^ 

Y2  = ^Pim/’^o 
Y3  = T 

s[l  - t)x^]  = the  sample  standard  deviation  of  earnings  per 
share  for  firm  i 

£i  = a random  disturbance  term 

To  be  assured  that  Var  (ui)  was  constant  for  the  sample, 

Litzenberger  and  Rao  found  it  necessary  to  deflate  equation  (3.29). 

One  alternative  was  to  divide  (3.29)  by  BV,  the  recorded  value  of 

common  stock,  thus  forming 


BVi 


afPi 


+ a 


2s(Pi) 


+ a. 


G(BV^)(Pi  - k.) 
5“  k.(l  + k.) 


(3.30) 


where 


the  recorded  per  shsre  value  of  equity  for  firm  i 

'k 

s(p^)  = the  sample  standard  deviation  of  the  ith  firm's  rate 
of  return  on  investment 
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G(BV^)  - the  average  change  in  the  ith  firm's  book  equity 
per  share  as  a percentage  of  book  equity 

Ui  = e^/BVi 


Equation  (3.29) 
solved  for  the 
resulted  in 


was  also  deflated  by  the  market  price  per  share  and 
earnings  yield  ti  (1  - t)x^/P£.  This  transformation 


-T  G [BVi](p  - k^.) 

r = bg  + bj^s(iT^)  + — —7- — ■ - + u,. 


k^Cl  + k.) 


where 


(3.31) 


^0=  1/Yl  = 
h = -^2’^o=  in. 

4 = -Y3’^o  = Tr^ 

s(tt^)  ^ the  sample  standard  deviation  of  the  ith  firm's 
earning's  yield 

G'(Vi)=  the  average  change  in  the  ith  firm's  book  equity 
per  share  as  a percentage  of  market  value 


£i/Pi 


Results  for  equation  (3.30).  Table  3.6  reports  the  regres- 
sion results  for  equation  (3.30).  Of  particular  importance  is 
I/Yj,  the  marginal  rate  of  time  preference,  ranging  between  .05  and 
.06  over  the  sample  period.  The  required  return  per  unit  of  non- 
diversifiable  risk  A ranges  between  .24  and  1.33,  and  the  value  of 
T is  consistent  with  earlier  findings  by  Malkiel  [33].  The  average 
required  rate  of  return  for  a share  of  stock  is  calculated  as^ 


Equation  (3.32)  follows  M & M [41]  where  the  required  rate 
of  return  for  a levered  share  is  expressed  as  k^  = (V/S)kO.  it 
follows  that  o(r^)  = (1  - Li)o(r^)  where  is  the  market  debt-to- 
total  value  ratio  for  firm  i. 
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Table  3,6 


Regression  Results  for  Equation  (3.30) 


Year 

■^1 

d'6 

^3 

R“ 

I 

'‘^Im 

T 

A 

(V 

19b0 

16.  7 
(0.74) 

-22.1 

17.5) 

1.  7 
(0.61) 

0.55 

2 . 10* 

0.060 

1.33 

1 . 7 

1.67 

0.069 

1961 

18.7 

(1.13) 

-12.0 

(11.2) 

2.3 

(0.80) 

0.52 

1.91* 

0.053 

0.  64 

2.3 

0.30 

0.053 

1962 

17.3 

(0.73) 

-11.4 

(9.0) 

1.5 

(0.79) 

0.57 

2.12* 

0.056 

0.65 

1.5 

0.31 

0.061 

1963 

19.8 

(0.79) 

-16.2 

(10.6) 

2.4 

(1.2) 

0.56 

2.54* 

0.051 

0.82 

2.4 

1.03 

0.056 

196^ 

20.2 

(0.82) 

-17.8 

(11.9) 

3.  7 
(1.3) 

0.57 

2.01* 

0.050 

0. 7C 

3.7 

0.38 

0.054 

1965 

19.9 

(0.83) 

-4.8 

(10.9) 

5.7 

(2.6) 

0.55 

2.10* 

0.050 

0.24 

5.7 

0.30 

0.051 

1966 

17.3 

(0.36) 

-10.4 

(4.9) 

3.6 

(2.7) 

0.50 

1.94* 

0.057 

0.59 

3 . b 

0.93 

0.061 

Overall 

18.9 

fO.25) 

-9.3 

(2.3) 

1.0 

(0.32) 

0.44 

2.00* 

0.053 

0.51 

1.0 

0.34 

0. 056 

Source:  Litzenberger  and  Rao  [32]. 

Durbin-i^'acson  Scaclscic. 


* The  null  nvpochesis  of  no  serial  oorrelacion  is  accepted  ac  the  0.05  level. 
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ki  = Tq  + Api^d  - Li)s(ri)  (3.32) 

Litzenberger  and  Rao  also  suggested  that  the  marginal  cost  of  capital 
could  be  calculated  by  the  M & M cost  of  capital  specification. 

Results  for  equation  (3.31).  Table  3.7  contains  the  results 
of  regression  equation  (3.31).  It  should  be  noted  that  equation 
(3.31)  was  primarily  used  to  check  for  biases  in  the  regression  of 
(3.30).  As  borne  out  by  the  numbers  in  Table  3.7,  the  estimated 
coefficients  for  the  earnings  yield  model  are  less  stable  over  time 
than  the  estimates  for  equation  (3.30).  To  stabilize  the  coefficients 
Litzenberger  and  Rao  pooled  the  seven  years  of  data,  constraining 
^Pim  ^ constant  and  used  dummy  variables  to  allow  I and  T to 
vary  each  year. 

Results  of  the  pooled  regression  appear  in  Table  3.8.  The 
marginal  required  return  per  unit  of  standard  deviation  was  .54  and 
significant  over  the  seven  years.  The  marginal  rates  of  time 
preference  were  stable  ranging  from  .053  and  .061.  The  coefficients 
for  the  growth  variable  were  significant  and  negative  for  each  year 
varying  between  1.9  and  13.2  years. 

Summary  of  the  Litzenberger  and  Rao  Study 

The  significance  of  the  Litzenberger-Rao  study  is  the  pro- 
vided link  between  the  assets  of  a firm  and  the  valuation  of  that 
firm  in  the  capital  market.  The  next  important  contribution  of 
Litzenberger  and  Rao  though,  is  the  explicit  recognition  of  inter- 
firm  differences  in  operating  (business)  risk. 
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Table  3.7 


Regression  Results  for  Equation  (3.31) 


bo 

bl 

b2 

Year 

(I) 

(^Pim) 

R^ 

dt 

T 

1960 

0.059 

0.06 

-0.14 

0.247 

2.09 

2.3 

(0.34) 

(0.027) 

1961 

0.053 

0.63 

-0.17 

0.36 

1.93 

3.2 

(0.38) 

(0.027) 

1962 

0.057 

0.35 

-0.15 

0.25 

2.12 

2.6 

(0.40) 

(0.035) 

1963 

0.054 

0.49 

-0.22 

0.33 

2.38 

4.1 

(0.39) 

(0.041) 

1964 

0.054 

0.36 

-0.27 

0.30 

2.18 

5.0 

(0.47) 

(0.054) 

1965 

0.058 

0.08 

-0.68 

0.09 

2.02 

11.7 

(1.23) 

(0.266) 

1966 

0.061 

0.45 

-0.34 

0.08 

1.78 

5.6 

(0.27) 

(0.143) 

Overall 

0.055 

0.34 

-0.23 

0.11 

2.04 

2.4 

(0.11) 

(0.015) 

Source : 

Litzenberger  and  Rao 

[32]. 

i- 

The  null 

hypothesis  < 

of  no  positive 

serial 

correlation 

is 

accepted 

at  the  0.05 

level . 
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Table  3.8 

Regression  Results  for  Equation  ( 3 . 31) (Pooled  Data) 


‘>o 

•V 

32 

Year 

(I) 

(^Pim) 

r2 

T 

b* 

1960 

0.061 

0.54 

-0.11 

0.30 

1.9 

0.68 

(0.17) 

(0.024) 

1961 

0.054 

-0.17 

(0.029) 

3.2 

1962 

0.056 

-0.16 

(0.035) 

2.9 

1963 

0.053 

-0.23 

(0.051) 

4.3 

1964 

0.054 

-0.29 

(0.062) 

5.4 

1965 

0.056 

-0.74 

(0.130) 

13.2 

1966 

0.061 

-0.38 

(0.103) 

6.2 

Source : 

Litzenberger 

and  Rao 

[32]. 

ai  is  constrained  to  be  an  intertemporal  constant. 
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McDonald:  Required  Return  on  Public  Utility  Equities; 

A National  and  Regional  Analysis,  1958-69 


The  final  empirical  cost  of  capital  study  to  be  reviewed  is 
McDonald  [36],  Tlie  tlieoretical  model  used  is  M 6 M's  formula  for 
the  pure  equity  firm;  debt  Is  ip,nored.  'llnis , McDonald  wrote  for  the 
market  value  of  a firm's  equity 


S = ~ + I(p*  - k)  j 

k k(l  + k) 


(3.33) 


or,  expanding  the  second  term  on  the  right-hand  side  of  (3.33) 


(1  - t)X  _ I_T  p*IT 
k 2+k  k(l  + k) 


(3.34) 


Statistical  Analysis  and  Results 

McDonald  wrote  a statistical  equation  for  (3.34)  as 


S = aj^(l  - t)X  + a2l  + a^p*!  + u (3.35) 

where 

ai = 1/k 

a2  = -T/(l  + k) 

a3  = -a2^a2  = T/k(l  + k) 

Because  (3.35)  is  intrinsically  nonlinear  in  its  parameters, 
McDonald  used  nonlinear  least  squares  regression  to  calculate 
maximum  likelihood  estimates  of  a^  and  ^2'  ^ detailed  synopsis  of 

nonlinear  regression  is  in  Chapter  IV. 


The  sample.  To  verify  that  (3.34)  correctly  models  total 
equity  value  for  a utility,  McDonald  drew  a sample  of  102  electric 
utilities  from  the  Compustat  Utility  file.  A test  proposed  by 
Gonedes  [23]  was  used  to  satisfy  McDonald  that  the  sample  of  firms 
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was  homogeneous  in  business  risk.^  Expected  values  of  (1  - t)X 
and  I were  estimated  for  1958-1969  inclusive  by  a 3 year  distributed 
lag  model.  The  product  p*I  was  taken  as 


p*r  = [A(2  - r)X/T]-I  = A(1  - t)X  (3.36) 


Problems  of heteroscedast icity  were  avoided  by  deflating  all  vari- 
ables by  A,  the  book  value  of  total  assets.  Thus,  the  statistical 
equation  in  its  final  form  was 


A 


a, It  --OX  + a 


I 4-  o o “ t)X  , 

2s  + “1“2 7 + E 


(3.37) 


Table  3.9  contains  estimates  of  a^^  and  its  inverse,  the 
required  rate  of  return  on  equity  for  each  of  the  12  years.  Also 
reported  for  each  year  is:  the  average  earnings  yield  on  utility 

stocks,  yields  on  utility  preferred  stocks  and  bonds,  and  the  per- 
centage change  in  the  GNP  price  deflator.  All  values  of  a^  are 
highly  significant,  and  each  inverse  of  a^^,  when  compared  to  the 
other  yields  reported  in  the  table,  appears  to  be  a reasonable 
estimate  for  k.  Also,  the  estimates  of  k are  close  to  those  of 
Litzenberger  and  Rao  (see  Tables  3. 6-3. 8). 


Summary  of  the  McDonald  Study 

The  major  importance  of  McDonald's  study  of  utility  equity 
value  is  the  explicit  recognition  of  the  nonlinear  growth  term  in 
the  M & M growth  model.  Because  of  the  restricted  coefficients  in 
(3.35)  the  model  is  underidentified.  Recall  that  M & M impacted 


A review  of  Gonedes  is  below. 
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Table  3.9 


Estimates  of  Required  Return  on  Utility  Equities  and 


Comparison  with  Some  Published  Market  Yields 


Venr 

a,- 

R- 

.< 

lOC/ai 

Earnings 

Price 

i\acc-t 

^ r S C OC  ri 

Vic  Id 
Med. 
Graded*' 

2ond 

/iell 

(Raci.ij  :-.af 

3 Chari C’ 
in  CGr 
Price 
leflacor 

1953 

15.33 
(0.  31', 

:.co 

6 . 1-a 

c . 3 r.» 

1 . 31 

3.91 

1.631 

1959 

14.90 

(0.33J 

0.54 

6 . 7 

5 . 3 

5.0 

- . 0 

1.30 

’-960 

(0.  ..1) 

0.5  3 

5 . 3 

5.9 

5.1 

1 . 5 

1.30 

1961 

11.03 
1 1' . 5 0 'i 

0 . 5 L 

- . 3 

1 . 3 

^ . 9 

- . 3 

1.0- 

: ?b2 

19.13 

(0.16) 

0.55 

5.1 

3 . 1 

4.4 

1 1 •) 

196  3 

13.71 
03. 35) 

0.37 

3 . 1 

-.9 

1 . 6 

. J 

1.  70 

19  0^ 

10.% 
(0. -Cl 

0.56 

- . 3 

5.0 

-.7 

1 . o7 

19t5 

13.31 

(C.33, 

0.5  5 

5.3 

5.1 

-.7 

^ . 5 

1,73 

196o 

15.  76 
(0.35) 

P " ’ 

6 . 3 

5.1 

5..* 

5.3 

3.11 

i?67 

13.39 
\ j.  -*5 ) 

0 . -- 

- T 

5.5 

5.3 

5 . 7 

3.21 

1963 

13.97 
V 0 , 36) 

0.55 

M 

c . .3 

D . 3 

6 . - 

3.33 

1969 

1 _ . 0 0 
(0. 33  1 

0.51 

9.0 

7.3 

6 . 6 

7.0 

-.7. 

Avc  r 

1 1 9 3 C“ 

1969;. 

6.11 

3 . 31 

3 . 1 .1 

5 . It 

7 T-" 

: 

- 1.  3"  ! • 

Ic Cij : 

2.Ti\iaZ  Z 

are 

ir.  r^r2r. 

rneses . 

■■ 

Mooviy's  r 

ubiij  Veil 

1 . 

•r* 

Eccr.or.ic 

-\c  p c r : 0 : 

cne  Pra-ii 

lent . 
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everything  in  the  growth  term  into  the  coefficient  except  Y which 
they  measured  as  AA.  For  M & M to  estimate  the  value  of  T,  they 
first  had  to  propose  a value  for  p*.  By  recognizing  explicitly 
a],  3^2  in  the  regression  equation  an  estimate  of  T could  have  been 
caJculated  directly  from  the  coefficients.  Unfortunately,  estimates 
for  32  were  not  reported  leaving  the  importance  of  growth  in 
equation  (3.33)  unknown. 

Equivalent  Risk  Class  Studies 

Testing  the  effect  that  financial  leverage  has  on  firm 
value  requires  a sample  homogeneous  in  business  risk.  Except  for 
the  studies  of  Litzenberger  and  Rao  [32]  and  McDonald  [36],  indus- 
trial  classification  of  firms  was  assumed  to  satisfy  this  require- 
ment. Litzenberger  and  Rao  accounted  for  different  degrees  of 
business  risk  within  the  context  of  their  model.  McDonald,  using 
a test  proposed  by  Gonedes  [23],  concluded  that  his  sample  of 
utilities  was  homogeneous. 

That  industrial  classification  of  firms  provides  homogeneous 
risk  classes  has  been  tested  by  Wippern  [56]  and  Gonedes  [23]. 
Wippern's  study  used  the  parametric  analysis  of  variance  model  to 
(1)  reject  the  null  hypothesis  that  business  risk  is  equal  among 
eight  industry  groups,  (2)  conclude  that  there  is,  in  general,  as 
much  variation  within  groups  as  among  those  groups,  and  (3)  con- 
clude that  the  rejection  of  the  equal-means  hypothesis  was  entirely 
due  to  one  industry,  electric  utilities.  The  findings  of  Gonedes 
corroborated  Wippern's  conclusion  that  groups  of  firms  homogeneous 
in  business  risk  cannot  be  defined  by  industrial  classification. 
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However,  his  tests  of  the  equivalent  risk  class  hypothesis  were 
conducted  using  a nonparmetric  model,  the  Kruskal-Wallis  One-Way 
Analysis  of  Variance  by  Ranks. 

Wippern:  A Note  on  the  Equivalent 

Risk  Class  Assumption 

The  husxness  risk  surrogate  selected  by  Wippern  was 

= Antilog  /MSE^  (3.38) 

in  which  MSE^  is  the  mean  square  error  for  firm  i of  the  10  year 
trend 


XfCt)  = x^(o)e®'^u^(t)  (3.39) 

where 

Xj(t)  = earnings  before  interest  per  share  for  firm  i 
in  period  t 

g = continuous  rate  of  growth 
u(t)  = random  disturbance  term  in  period  t for  firm  i 

Evaluation  of  sj  as  a risk  surrogate.  Because  earnings 
before  interest  and  taxes  has  been  divided  by  the  number  of  shares 
outstanding,  Sj^  fails  to  isolate  that  part  of  the  earnings  stream 
which  varies  only  due  to  business  risk.  Indeed,  scaling  x^^(t)  by 
N^(t)  allows  the  financing  decision  to  Intrude  as  an  additional 
source  of  variation. 

The  sufficiency  of  using  the  standard  deviation  to  adequately 
describe  the  distribution  of  x^  is  more  complicated.  First  define 
X as  ln(x).  Now  if  <I>(x  ) is  the  unknown  distribution  of  In(x'), 
then  Sj^  may  or  may  not  be  sufficient  to  describe  O(x').  For 
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example,  if  <l(x')  is  normal,  then  $(x')  is  lognormal,  and  s^  re- 
flects the  presence  of  skewness  in  >I>(x).  However,  the  possibility 
of  negative  x(t)  makes  the  existence  of  O(x')  in  general  unlikely. 
®ut  if  higher  moments  of  4’(x)  exist,  then  testing  for  equality  among 
standard  deviations  of  each  industry  is  necessary  but  not  sufficient 
to  conclude  equal  populations.  It  is  well  documented  (cf.  [2], 

[3]  , [29,  pp . 246-247]  , and  [37]) that  investors  consider  the  higher 
moments  of  a distribution  when  selecting  risky  assets. 

Statistical  analysis.  Defining  s.j  as  an  unbiased  estimator 
of  the  industry  average  standard  deviation  (mean  percentage 
variability)  of  the  n^  firms  in  industry  group  j,  the  null  hypoth- 
esis 


= ^2  = ■ ■ • og  (3.40) 

was  rejected  at  the  one  percent  level  of  significance.  Next, 
Wippern  used  Scheffe's  method  of  multiple  comparisons  to  test  the 
null  hypothesis  that  simultaneously^ 

2 

^o-  ^k  = I = 0,  for  all  k (3.41) 

j=l 

where 


Lk  - the  kth  pairwise  contrast  or  difference  in  a family  of 
possible  contrasts  (eight  industry  groups  indicate  28 
possible  contrasts) 

Cj  = a coefficient  such  that  = 1 and  C9  = -1. 


The  Scheffe  method  of  multiple  comparisons  is  explained  in 
Chapter  V.  Also,  see  Scheffe  [50,  pp.  66-72]. 
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Table  3.10  lists  the  number  of  firms,  the  average  s^,  and 
the  range  of  s^^  for  each  industry.  Only  4 of  the  28  pairwise 
differences  were  rejected  as  significantly  different  than  zero,  all 
occurring  when  the  pairwise  comparison  included  the  electric  utility. 

A glance  at  the  table  reveals  that  the  average  percentage 
variability  of  electric  utilities  was  much  less  (s.3  = .046)  than 
for  any  other  industry  group  and  according  to  the  multiple  comparisons 
test,  significantly  different  from:  machinery  (a  = .99),  oil 

(a  = .95),  drugs  (a  = .95),  and  cement  (a  = .75).  Thus,  Wippern 
concluded  that  grouping  firms  by  industrial  classification  did  not 
in  general  result  in  homogeneous  and  unequal  risky  groups. 

Evaluation  of  the  statistical  analysis.  An  unfortunate 
exclusion  in  Wippern's  analysis  is  the  lack  of  evidence  justifying 
the  use  of  the  parametric  model.  Instead,  the  general  robustness 
of  the  F test  and  its  related  analyses  is  relied  upon  for  departures 
from  normal  distributions  and  unequal  variances.  The  robustness  of 
the  F test,  however,  has  several  characteristics  not  considered  by 
Wippern.  One,  it  can  be  shown  that  the  Scheffe  multiple  comparisons 
method  is  not  seriously  affected  by  lack  of  normality  provided  the 
sample  sizes  are  not  extremely  small.  Two,  if  the  variances  of  each 
factor  level  are  unequal,  the  F test  and  its  related  analyses  are 
only  slightly  affected  provided  all  sample  sizes  are  equal. ^ Table 
3.10  reveals  that  several  of  the  sample  sizes  were  quite  small; 


The  Scheffe  method  of  multiple  comparisons  is  explained  in 
Chapter  V.  Also,  see  Scheffe  [50,  pp.  66-72]. 
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Table  3.10 

Percentage  Variability  of  EBIT  Per  Share 


1 

Industry 

"j. 

"•i 

Range  of 

1 

Baking 

4 

0.133 

0.063-0.296 

2 

Cement 

5 

0.216 

0,123-0.276 

3 

Electric  Utilities 

17 

0.046 

0.024-0.066 

4 

Ethical  Drugs 

6 

0.249 

0.212-0.455 

5 

Machinery 

6 

0.275 

0.170-0.431 

6 

Oils 

8 

0.227 

0,114-0.351 

7 

Paper 

10 

0.159 

0.039-0.449 

8 

Rubber 

5 

0.141 

0.092-0,259 

Source:  Wippern  [56], 
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furthermore,  they  vary  considerably.  Electric  utilities  have  more 
than  twice  the  observations  of  6 of  the  other  7 industries.  The 
effect  of  such  heterogeneity  in  sample  size  and  variance  is  to 
increase  the  level  of  significance. 

A related  problem  with  Wippern's  analysis  is  the  power  of 
his  tests.  Power  is  the  probability  that  the  null  hypothesis  is 
correctly  rejected.  It  depends  upon  the  level  of  significance,  the 
number  of  observations,  and  a noncentrality  parameter,  inversely 
^^l^bed  to  known  population  variance.  For  a level  of  significance, 
power  increases  as  the  number  of  observations  increase  and  as  the 
population  variance  decreases.  With  so  few  observations  and  so  wide 
a range  of  Sj^  for  each  industry,  the  power  of  Wippern's  test  must 
be  considered  low. 

Gonedes : A Test  of  the  Equivalent 

Risk  Class  Hypothesis 

The  surrogate  for  business  risk  devised  by  Gonedes  [23]  was 
the  relative  deviation  of  a firm's  annual  rate  of  growth  in  net 
operating  income  from  the  firm's  10  year  compound  rate  of  growth 
in  annual  net  operating  income.  Thus  business  risk  was  indicated 
by 

BR,.  (t)  = “ G^(X)  ^2) 

G7[T5 

where 

^i(t)  - the  annual  growth  rate  of  EBIT  during  period  t 
(t  = 1958-67)  for  firm  i 

Gi(X)  = the  compound  growth  rate  of  EBIT  over  the  10 
year  period 
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Evaluation  of  BR^(t).  Expression  (3.42)  implies  that 
realized  EBIT  during  the  10  years  equaled  investors'  expectations. 
To  see  this,  note  that  G-j^(X)  is  the  geometric  average  of  Xj^(l)  , 
^i(2),  . . . , X (T)  ; the  calculation  of  G£(X)  thus  requires 
knowledge  of  annual  growth  rates  unknown  at  time  t.  Since  BR^(t) 
is  expressed  as  an  annual  deviation,  a better  point  from  which  to 
measure  the  deviation  would  have  been  what  the  annual  level  of  EBIT 
growth  was  on  average,  not  the  compound  level  of  growth  for  10 
years . 


Statistical  analysis.  Gonedes  used  the  Kruskal-Wallis  One- 
Way  Analysis  of  Variance  by  Ranks  to  test  the  following  hypotheses: 

1.  There  are  no  significant  differences  among  firms 
within  a given  industry  with  respect  to  business  risk. 

2.  Industry  groups  do  not  evidence  significant  differences 
with  respect  to  business  risk. 

Testing  of  the  hypotheses  proceeded  along  the  following 
lines.  First,  random  samples  of  eight  different  industries  were 
drawn  and  BRj^(t)  were  calculated.  To  test  the  first  hypothesis, 

100  observations  for  each  industry  (ten  firms  over  ten  years)  were 
ranked  with  the  smallest  value  of  BR^(t)  being  assigned  a rank  of 
one,  the  next  to  the  smallest  a two,  and  so  on  to  100.  Next,  the 
sum  of  the  ranks  of  BR^(t)  for  each  firm  was  computed  over  the  10 
years  and  compared  with  the  sum  of  the  ranks  over  the  same  10  years 
for  the  other  9 firms  in  an  industry.  In  general,  the  Kruskal- 
Wallis  test  determines  whether  these  sums  of  ranks  are  so  disparate 
that  they  are  not  likely  to  belong  to  samples  drawn  from  the  same 
population.  Specifically,  if  J independent  samples  are  from  the 
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same  population,  then  it  can  be  shown  that  the  Kruskal-Wallis 
statistic  is  distributed  chi-square  with  J - 1 degrees  of  freedom. 
The  Kruskal-Wallis  statistic  is  defined  generally  as 


where 


II 


J_2 

n (n  + I ) 


(3.43) 


J = number  of  samples 
nj  = number  of  cases  in  the  sample 
n ^ > the  number  of  cases  in  all  samples  combined 

SRj  = sum  of  ranks  in  j_^  sample 
For  six  of  the  eight  industry  samples  the  null  hypothesis  of 
intraindustry  homogeneity  was  rejected. 

To  test  the  hypothesis  of  interindustry  homogeneity,  compos- 
ite data  for  each  industry  was  calculated.  The  resulting  eighty 
business  risk  surrogates  were  then  ranked  as  before  and  the  H 
statistic  calculated.  The  null  hypothesis  of  no  significant 
differences  between  industries  was  rejected. 


^^^^^^bion  of  the  statistical  analysis.  Gonedes  used  the 
Kruskal-Wallis  model  because  he  was  unsure  of  the  appropriateness  of 
the  F test.  Specifically,  he  questioned  whether  the  assumptions  of 
the  parametric  model  were  satisfied  by  Wippern's  sample  data.  If 
the  assumptions  of  the  parametric  model  are  satisfied,  nonparametric 
tests  are  always  less  powerful  than  parametric  tests  on  the  same 
data.  Nonparametric  tests  require  only  that  selection  of  any  one 
case  from  a population  does  not  bias  the  chances  of  any  other  case 
being  included  in  a sample  from  that  population.  By  avoiding  the 
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sdditional  assumptions  of  the  parametric  model — normality  and 
homoscedasticity— more  generality  is  achieved,  albeit  with  a loss 
of  power.  Clearly,  if  all  assumptions  of  the  parametric  model  are 
satisfied  with  the  sample  data,  then  that  model  should  be  used. 
However,  even  when  the  assumptions  are  fully  met  Andrews  [1]  has 
shown  the  power-efficiency  of  the  Kruskal-Wallis  test  to  be  95.5 
percent  that  of  the  F test.^ 

Appropriateness  of  the  Kruskal-Wallis  model.  A more 
general  statement  of  the  hypothesis  tested  by  Gonedes  is 

Hq.-  xi(BR)  = x2(BR)  = . . . = Xj^(BR)  (3.44) 

where 

x^(BR)  = the  cumulative  distribution  function  for 
population  i 

It  is  important  to  understand  that  the  Kruskal-Wallis  model  tests 
only  for  equal  medians  of  Xi . To  conclude  also  that  the  popula- 
tions are  homogeneous,  all  other  parameters  of  x^CBR)  (variance, 
skewness,  etc.)  must  be  identical.  Thus,  while  Gonedes  correctly 
rejected  the  null  hypothesis  for  6 of  8 industries,  it  cannot  be 
concluded  the  other  2 industries  (textiles  and  retail  department 
stores)  were  homogeneous  in  business  risk.  The  point  is  important; 
McDonald  [36]  (reviewed  above)  replicated  Gonedes'  test  for  a sample 
of  87  electric  utilities  and  concluded  that  the  firms  came  from  the 


Power  efficiency  indicates  the  percentage  increase  in 
sample  size  necessary  to  make  one  test  just  as  powerful  as  another. 
For  the  results  of  some  tests  on  the  power-efficiency  of  the 
Kruskal-Wallis  test,  see  Andrews  [1,  pp.  724-30]. 
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same  population  with  respect  to  business  risk.  McDonald's  con- 
clusion was  correct  only  if  the  distributions  of  BRj^(t)  for  all 
87  were  identical. 


Summary 

This  chapter  has  been  devoted  principally  to  the  review  of 
cost  of  capital  studies.  Each  of  the  studies  reported  numbers 
identified  as  the  cost  of  equity  capital.  Marginal  cost  of  capital 
estimates  were  reported  only  by  Miller  and  Modigliani  [39]; 
Litzenberger  and  Rao  [32]  suggested  that  their  estimates  could  be 
used  in  conjunction  with  the  M & M formula  (see  equation  (2.36))  to 
produce  marginal  cost  estimates. 

The  studies  are  distinctive  in  their  diverse  methodologies 
for  calculating  estimates  of  ex  ante  variables  in  the  several 
models.  The  methods  included  arithmetic  averages,  distributed  lag 
models,  exponential  trend,  multiple  regression  models,  and  the 
instrumental  variable  approach  of  M & M. 

Recognition  of  firm  or  share  value  growth  was  important 
to  each  of  the  studies.  The  same  growth  model  proposed  and  used  by 
M & M was  also  adopted  in  the  models  of  both  Litzenberger  and  Rao 
and  McDonald.  Growth  in  the  Gordon  study  was  based  on  the  growth 
in  dividends  due  to  internal  and  external  equity  financing.  Only 
the  Litzenberger  and  Rao  study  provided  unrestricted  estimates  of 
the  duration  of  growth.  The  growth  duration  estimates  reported  by 
M & M were  based  on  an  assumed  rate  of  return  in  the  growth  variable. 
The  nonlinearity  of  the  growth  term  was  explictly  recognized  by 
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McDonald  who  adopted  an  iterative  least-squares  routine  for  esti- 
mating coefficients  of  his  model.  Unfortunately,  McDonald  chose 
not  to  report  the  growth  coefficient  of  his  model. 

Litzenberger  and  Rao's  major  contribution  was  to  treat  each 
firm  as  a separate  risk  class.  Both  M & M and  Gordon  assumed  that 
electric  utilities  formed  a homogeneous  population  with  respect 
to  business  risk.  McDonald  used  Gonedes'  methodology  [23]  to 
support  his  view  that  his  sample  of  electric  utilities  formed  a 
homogeneous  business  risk  class.  That  industrial  classification 
cannot  be  relied  upon  to  group  firms  into  business  risk  classes 
was  pointed  out  in  the  review  of  Wippern  [56]  and  Gonedes  [23]. 

Each  of  the  cost  of  capital  studies  reported  what  can  be 
considered  reasonable  estimates  of  the  cost  of  equity  capital. 
However,  even  accepting  the  obtained  numbers  as  evidence  of  each 
model's  worth  leaves  the  task  of  calculating  an  average  cost  of 
capital. 


CHAPTER  IV 


DIRECT  COST  OF  CAPITAL  MODEL:  STRUCTURAL 

AND  STATISTICAL  EQUATIONS 

Chapter  II  pointed  out  the  more  robust  characteristics  of 
the  M & M cost  of  capital  model  vis-a-vis  the  traditional  model. 

Also  noted  in  Chapter  II  was  the  misspecif ication  of  the  growth  term 
in  the  M & M valuation  equation  for  the  levered  firm  with  growth 
potential.  Three  of  the  four  empirical  studies  reviewed  in  Chapter 
III  used  the  M & M formulation  of  growth  in  their  estimation  of  the 
cost  of  equity  capital;  ignored  was  the  fact  that  the  original 
growth  formula  was  derived  for  a pure  equity  firm.  However,  even 
acceptance  of  the  cost  of  equity  estimates  reported  in  Chapter  III 
requires  a combination  with  other  component  costs  be  made  to  obtain 
an  overall  or  average  cost  of  capital.  For  regulators  this  com- 
bining process  remains  a topical  issue.  For  example,  should  the 
book  or  the  market  values  of  capital  components  be  used  to  calculate 
a weighted  average?  For  electric  utilities,  is  embedded  (histor- 
ical) interest  or  marginal  interest  the  more  appropriate  cost  of 
debt?  Should  the  cost  be  tax  adjusted  as  hypothesized  by  the 
traditional  model,  or  is  the  tax  benefit  resulting  from  the 
deductibility  of  interest  payments  already  reflected  in  the  cost  of 
equity  capital? 
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Direct  Cost  of  Capital  Model 

In  an  efficient  capital  market  investor  perceived  rewards 
and  risks  of  a firm's  securities — bonds,  preferred  stock  and  common 
stock — wi]]  be  reflected  in  the  total  values  of  these  securities. 
Thus,  it  seems  a waste  of  energy  to  ferret  out  the  specific  values, 
benefits,  and  risks  of  each  component  of  capital,  calculate  the  com- 
ponent costs  and  average  them  together  (somehow)  when  the  purpose  of 
the  exercise  is  to  calculate  the  overall  or  average  cost.  Why  not 
estimate  it  directly  and  not  by  its  component  parts?  There  are 
several  approaches  one  can  take.  For  this  study  a partial  equilib— 
brium  growth  model  is  examined.  To  implement  this  approach,  re- 
quires only  that  the  constant  growth  valuation  model  be  applied  to 
the  firm  as  an  entity  rather  than  restricting  the  model's  use 
exclusively  to  the  valuation  of  the  firm's  equity. 

Assumption  of  the  Model 

The  capital  markets  are  assumed  to  be  in  equilibrium  with 
rates  of  return  on  various  securities  given  to  investors  and  firms. 
The  question  of  how  such  rates  are  determined  is  ignored.^  To 
properly  formulate  the  model,  two  additional  assumptions  are  needed. 

Perfect  capital  markets.  Several  characteristics  describe 
a perfect  capital  market.  One,  no  individual  or  firm  is  large 
enough  to  affect  prices;  two,  there  is  complete  and  costless 


See  Sharpe  [51],  Lintner  [31],  and  Mossin  [44],  For  a 
clear  exposition  of  risk,  rates  of  return,  and  market  equilibrium 
see  Fama  and  Miller  [22,  Chapter  7]. 
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information  available  to  everyone;  three,  all  individuals  and  firms 
borrow  and  lend  on  exactly  the  same  terms;  four,  there  areno  trans- 
action costs;  and  five,  there  is  no  differential  among  tax  rates 
for  investors  or  types  of  income. 


Rational  investors.  Investors  are  presumed  to  always  act 
so  as  to  maximize  their  end  of  period  wealth.  Furthermore,  in- 
vestors are  indifferent  as  to  whether  increments  to  their  wealth 
take  the  form  of  cash  payments  or  increased  market  value  of  shares. 

2 

Construction  of  the  Model 

Let  Div(t) , Int(t)  and  Pfd(t)  respectively  represent  in- 
vestors' consensus  expectation  of  the  firm's  total  payment  of  common 
stock  dividends.  Interest,  and  preferred  dividends  at  the  end  of 
period  t.  In  addition,  symbolize  the  firm's  expected  net  investment 
in  additional  assets  at  the  end  of  period  t by  T(t),  total  expected 
external  funds  raised  at  the  end  of  period  t by  NF(t),  and  the  firm's 
total  market  value  (debt,  preferred  stock,  and  common  stock)  at  the 
beginning  of  t by  V(t).  Hien  Z the  expected  marginal  return  from 
investing  in  the  firm  is 


Z 


Int(t)  + Pfd(t)  + Div(t)  + [V(t  + 1)  - NF(t)  - V(t)] 

V(t) 


(4.1) 


in  which  it  should  be  noted  that  part  of  the  firm's  value  at  the  end 
of  period  t or  the  beginning  of  t + 1 belongs  to  the  present 


2 

The  model  was  suggested  to  me  by  Fred  Arditti.  Part  of 
the  development  of  the  model  in  this  section  is  contained  in  [6]. 
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security  holders  of  the  firm,  i.e.,  the  firm's  total  expected  value 
V(t  + 1)  less  the  market  value  of  the  new  securities  issued,  NF(t), 
during  t.  Equation  (4,1)  can  be  rearranged  as 

V(t)  = y— [Ynt(t)  + Ffd'(t)  + Dlv(t)  + V(t  + I)  - ^(t)] 

(4.2) 

Now  provided  that  the  firm  has  established  I(t)  as  the  level  of 
investment  for  period  (t),  the  amount  of  new  funds  raised  must 
satisfy 

NF(t)  = T(t)  - [F(t)  - Itat(t)  - Pfd(t)  - M^(t)]  (4.3) 

where  X^(t)  represents  expected  earnings  after  taxes  but  before 
interest  charge  deductions  and  dividend  payments,  i.e., 

F(t)  = [X(t)  - I^(t)](l  - t)  + nu(t) 

= (1  - x)X(t)  + T • Int(t)  (4.4) 

where  X(t)  is  expected  earnings  before  interest  and  taxes. 
Substituting  (4.3)  into  (4.1)  yields 

V(t)  = ~ I(l)  + ^(t  + 1)  (4.5) 

1 + Z 

Using  expression  (4.5)  to  iteratively  substitute  for  V(t  + 1), 

V(t  + 2) , etc.  , and  realizing  that  for  V(t)  to  be  finite  then 


Llm  V(t  + 1) 
t (1  + Z)t+i 

results  in  a value  for  the  firm  at  t = 


= 0 
0 of 


V(o) 


t=l 


X^(t)  - I(t) 

(1  + Z)c 


(4.6) 
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Equation  (4.6)  expresses  the  value  of  a firm  as  being  equal  to  the 
present  value  of  payments  to  holders  of  the  firm's  capital  less  any 
portion  of  current  and  future  value  apportioned  to  new  holders  of 
capital . 

It  should  be  emphasized  that  V(o)  is  the  total  market  value 
of  the  firm  and  equal  to  the  sum  of  the  market  values  of  the  firm's 
component  financing  instruments — D(t) , S(t),  and  F(t) — the  total 
market  values  of  the  firm's  debt,  common  stock,  and  preferred 
stock  respectively. 

Alternative  Formulation  of  Equation  (4.6) 

Several  formulae  can  be  derived  from  (4.6)  depending  upon 
assumed  characteristics  of  the  firm's  future  earnings.  First, 
specify  investment  in  net  additions  to  the  firm's  assets  for  period 
t as 

I(t)  = yF(t)  (4.7) 

Expressing  I(t)  as  a fraction  of  earnings  follows  M & M [38, 
equation  (21)].  However,  M & M and  Arditti  and  Pinkerton  [8] 
expressed  investment  for  the  unlevered  firm  as  a fraction  of  income 
after  tax 


I(t)  = a(l  - r)X(t)  (4.8) 

Given  that  the  level  of  investment  each  period  is  exogenously  deter- 
mined, it  matters  only  for  convenience  how  I(t)  is  defined.  As  can 
be  seen  by  comparing  (4.7)  and  (4.8) 

= r.(l  2 


Y 


(4.9) 
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Next  is  postulated  an  after-tax  rate  of  return  r > Z ex- 
pected to  be  earned  on  each  period's  net  investment;  the  duration 
of  r > Z will  be  specified  presently.  Thus,  at  the  end  of  period 
1,  or  the  beginning  of  period  2,  investors  expect  total  income  to 
equal  the  income  earned  on  existing  assets,  plus  incremental  in- 
come equal  to  yX^(o)’r  from  the  additional  net  investment.  Thus 

^(1)  = }T^(o)  + Y^(o)-r  (A. 10) 

}T(1)  = }T(o)  (1  + Yr)  (4.10a) 

F(2)  = F(o)(l  + Yr)2  (4.10b) 

and  for  any  period  t 

X^(t)  = }T(o)  (1  + Yr)*^  (4.10c) 


It  must  be  pointed  out  that  r and  p*  are  not  one  in  the  same.  Unlike 

the  Arditti-Pinkerton  model  in  which  the  incremental  tax  subsidy 

resulting  from  leveraged  growth  was  separately  accounted  for  (see 

equation  (2.40)),  expression  (4.6)  includes  the  incremental  tax  sub- 

— 1 

sidy  for  period  t (if  it  exists)  in  X (t).  Thus,  defining  the  rate 
of  return  to  be  earned  on  net  additional  investment  in  period  t as 


r(t)  = 

I(t) 


(4.11) 


is  equivalent  to 


r(t)  = p*  + lAIntlO 
I(t) 


(4.12) 


It  will  be  recalled  that  p*  is  the  expected  return  net  of  taxes  to 


be  earned  on  net  investment  for  the  all  equity  firm. 
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Infinite  horizon  growth  model.  Specifying  equation  (4.6) 
in  terms  of  (4.8)  and  (4.10)  results  in 

t 


V(o)  = ?(o)(l  - ,)  I 

t = l (1  + 7.)'" 


(4.13) 


Now  for  (4.13)  to  converge  to  a positive  finite  value  requires  that 
0 < Y < 1 and  yv  < Z.  If  these  conditions  are  met  then 


V(o)  = 


X'^(l)(l  - y) 

Z - yr 


(4.14) 


Anyone  familiar  with  the  constant  growth  model  for  a share  of  common 
stock  (see  equation  (3.5))  will  recognize  the  structure  of  (4.14). 
Furthermore,  as  with  any  growth  mode,  if  r = Z,  then 


V(o) 


X'^(l) 

Z 


(4.15) 


Finite  horizon  growth  model.  For  a variety  of  reasons — 
regulatory  restraints  is  one — a finite  horizon  model  may  better 
describe  expected  income  of  the  electric  utility  firm  better  than 
the  constant  growth  model.  Two  derivations  of  the  finite  growth 
model  follow.  The  first  derivation  restricts  the  number  of  periods 
in  which  net  investment  in  additional  assets  takes  place;  the  second 
derivation  restricts  the  number  of  periods  in  which  r is  greater 
than  Z . 

Consider  a firm  which  for  T - 1 periods  has  expected  net 

^ 

investment  in  additional  assets  of  I(t)  = yX  (t) . Subsequent  to 
period  T - 1 net  investment  each  period  is  zero.  On  all  additional 
net  investment  the  firm  is  expected  to  earn  a rate  of  return  r 
greater  than  the  cost  of  capital.  Thus,  the  present  value  of  the 


firm  is 
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V(o)  = Y + I Xl(t) 

t=l  0 + Z)^  t=T(l  + Z)^ 


(A. 16) 


As  equations  (4.10a,  b,  c)  demonstrate,  investing  aX  at  the  end  of 
period  o or  the  begining  of  period  i,  and  earning  r percent  on  tliat 
investment  each  year  means  that  expected  earnings  at  the  end  period 
t are 


X^(t)  = X^(o)(l  + yr)^  for  t = o,  1,  . . . , T - 1 (4.17) 


and 


X'^ 


Substituting 


V(o) 


(t)  = F(o)(l  + yr)”^  for  t = T,  T + 1,  . . . , “ (4.18) 

(4.17)  and  (4.18)  into  equation  (4.16)  results  in 

= (1  - y)F(o)  Y + I 

t=l  (1  + t=T  (1  + Z)" 


(4.19) 


Writing  (4.19) 
V(o) 


in  closed  form  yields 


(1  - y)X^(l) 

, (1  + yr)"^ 

1 X'^(o)(l  + ^ 

Z - yr 

1 + Z 

Z(1  + Z)'^ 

(4.20) 


_ 1 + yr 

To  further  simplify  equation  (4.20)  assume  h = -j-- _j_ ■ is  close  to 
T 

1 and  expand  h about  1 dropping  all  but  the  first  two  terms  of  the 
Taylor  series.  This  simplification  results  in 


1 + yr 

T 

- 1 + T 

ar 

1 + Z 

1 + Z 

(4.21) 


Substitution  of 


(4.21) 

V(o) 


into  (4.20)  results 


. x^d)  a.  yx'^(l)  r 

zrr+zy ' 


in 

- Z ] T 


(4.22) 
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Equation  (4.22)  is  a simplified  expression  for  firm  value.  It  is 
characterized  by  a finite  number  of  future  periods  in  which  invest- 
ment in  additional  assets  is  possible,  but  in  those  periods  in 
which  it  does  take  place,  a rate  of  return  greater  than  the  cost  of 
capital  will  be  earned  forever. 

The  second  derivation  of  equation  (4.22)  assumes  that  invest- 
ment in  additional  assets  will  occur  in  every  future  period.  How- 
ever, the  rate  of  return  on  investment  is  expected  to  be  greater 
than  the  cost  of  capital  for  only  a finite  number  of  periods,  t = 1, 

. . . , T.  Subsequent  to  period  T the  rate  of  return  on  net  invest- 
ment is  expected  to  equal  the  cost  of  capital.  Thus,  the  following 
income  streams  will  occur 


X^(t)  = Y'^(o)(l  + yr)^  for  t = 0,  1,  . . . , T - 1 

(4.23) 

and 

^(t)  = }T(o)  (1  + Yr)'^(l  + yZ)t-T  for  t = T,  T + 1,  . . . , °° 

(4.24) 

When  (4.7),  (4.23)  and  (4.24)  are  substituted  into  equation  (4.6), 
the  general  valuation  model  becomes 

T-1  - 

V(o)  = I (1  - y)X'^(o)(l  + yr)^ 
t=l  (1  + Z)^ 

°°  T t ^-T 

+ I (1  - (o) (1  + Yr)  (1  + YZ) 

t=T  (1  + Z)^  (4.25) 


Expression  (4.25)  can  be  written  in  closed  form  as 


V(o) 


(1  - y)lT(o) 
Z - yr 


1 _ (1  + yr) 
1 + Z 


+ )T(o)(l  + yr) 
Z(1  + Z)T 


(4.26) 
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Equation  (4.26)  is  identical  to  equation  (4.20)  which  it  will  be 

"”~T 

recalled  was  derived  under  the  assumption  that  I(t)  = (t)  prior 

to  period  T and  zero  thereafter.  Thus,  both  variations  of  the 
finite  growth  model  provide 

° Y za  > Z)  fr-Z]T  (4.27) 

as  an  expression  of  total  firm  value  where  V and  replace  V(o)  and 
X^(l)  as  total  current  market  value  and  expected  current  tax- 
adjusted  earnings,  respectively. 

An  Examination  of  the  Model 

Although  (4.27)  is  a highly  simplified  valuation  model,  all 
necessary  elements  of  value  are  included  for  a firm  of  defined  risk. 
The  dependent  variable  V is  the  sum  of  the  market  values  of  all  out- 
standing securities  and  thus  reflects  the  level  of  each  type  of 
financing  in  the  capital  structure.  Furthermore,  V is  specified 
as  the  sum  of  the  present  values  of  two  income  streams:  a permanent 

component  determined  by  the  capitalization  of  expected  earnings 
generated  from  existing  capital  assumed  to  last  forever,  and  a growth 
component.  The  growth  component  is  the  approximate  capitalized 
product  of  three  elements:  (1)  anticipated  investment  in  additional 

assets  each  period  represented  by  ? (2)  the  expected  profitability 
of  that  investment  indicated  by  the  spread  between  r and  Z;  and 
(3)  the  duration  of  that  profitability  denoted  by  T.  The  average 
cost  of  capital  Z,  it  should  be  noted,  appears  in  both  the  no- 
growth and  growth  components  of  (4.27). 
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As  explained  In  Chapter  I,  tax-adjusted  earnings  of  electric 
utilities  are  determined  in  part  by  the  product  of  an  established 
rate  base  RB  and  allowed  rate  of  return  Z^.  To  the  extent  that  in- 
vestors garner  information  from  the  pronouncements  of  utility 
commissions,  RB  and  will  be  used  to  form  a consensus  estimate  of 
r.  This  consensus  need  not  be  equal  to  Z„ , nor  must  it  equal  the 
rate  of  return  existing  on  the  current  level  of  assets.  However,  to 
retain  the  simplicity  of  equation  (4.27)  in  the  subsequent  analysis, 
it  will  be  assumed  that  Z^  is  equal  to  r,  and  further,  that  r 
applies  to  both  existing  and  future  assets  thus  defining  tax- 
adjusted  earnings  as 

X'^  5 r • RB  (4.28) 

Substituting  (4.28)  into  equation  (4.27)  provides  a finite  growth 
valuation  model  for  electric  utilities  as 

V = ^ ‘ _ 2]  T (4.29) 

Z Z(1  + Z) 

Properties  of  the  Model 

Firm  value  can  be  expected  to  change  whenever  any  of  the 
variables  on  the  right  hand  side  of  equation  (4.29)  change.  Assuming 
that  over  reasonable  periods  of  time  the  rate  base  is  constant, 
the  total  change  in  V is 

dV  = f'^dT  + + fYdy  + f^dZ  (4.3) 

where  f^  is  the  partial  derivative  of  V with  respect  to  the  ith 
variable  and  di  is  the  differential  of  variable  i.  The  expression 
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dV  represents  the  sum  of  all  changes  from  the  four  independent 
variables  in  (4.29).  It  is  possible,  of  course,  that  V can  change 
as  a result  of  a change  in  only  one  of  the  Independent  variables. 

]’or  example,  if  only  the  rate  of  return  on  investment  changed,  l.e., 
dT,  du,  and  dZ  equal  zero,  then 

fr  ^ ^ T,  Y,  Z constant  = 4^  (4.31) 

dr  dr 

In  order  to  better  understand  equation  (4.29),  the  impact  on 
firm  value  of  each  independent  variable  will  be  analyzed,  first  by 
restricting  other  independent  variables  to  current  levels,  and  then 
by  allowing  for  simultaneous  changes  in  two  independent  variables. 
Also,  a proposed  regulatory  reaction  to  a change  in  the  average  cost 
of  capital  will  be  explained. 

Length  of  investing  period,  T.  The  greater  the  number  of 
periods  in  which  profitable  investments  occur,  or  equivalently,  the 
longer  an  investment  enjoys  a rate  of  return  greater  than  the  cost 
of  capital,  the  greater  will  be  the  value  of  the  firm.  Specifically, 
the  change  in  value  for  a positive  change  in  T is 

fT  = — [r  - Z]  > 0 (4.32) 

Z(1  + Z) 

which  is  the  slope  of  the  linear  relationship  in  Figure  4.1. 

Level  of  Investment,  y.  Since  y is  current  investment  ex- 
pressed as  a fraction  of  current  earnings,  then  as  y increases,  with 
r > Z for  a given  duration  T,  it  follows  that  the  value  of  the  firm 


will  increase  by 
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Figure  4.1 


Value  as  explained  by  length  of  investment  period  when 
Z = ,08,  r = .10,  Y = 0.6,  and  RB  = $10,000 
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- zj'f Z)  - Z1  T > 0 (4.33) 

times  the  change  in  y.  Figure  A. 2 illustrates  the  relationship 
graphically. 

Note  that  equation  (4.29)  assumes  a constant  level  of  y over 
T periods  in  the  future.  As  pointed  out  above,  the  infinite  horizon 
model,  (see  equation  (4.14))  requires  that  y be  less  than  1.0. 
Historical  values  of  y calculated  for  the  sample  for  20  years  since 
1955,  indicated  annual  net  investment  to  be  on  average  greater  than 
tax-adjusted  earnings. 


Expected  tax-adjusted  rate  of  return,  r.  The  larger  the 
expected  after-tax  return  on  investment,  the  greater  will  be  the 
firm's  present  value.  Partially  differentiating  equation  (4.29) 
with  respect  to  r gives  an  increasing  function  in  r,  expressed  as 


f^  = M 


1 + (2r  - Z) 


1 + Z 


> 0 


(4.34) 


Figure  4.3  illustrates  the  relationship  between  firm  value  and  the 
after  tax  rate  of  return  on  the  rate  base.  The  figure  is  a bit  mis- 
leading. In  the  first  place,  it  is  unlikely  that  investors  would 
expect  a regulatory  body  to  allow  a utility  to  earn  a rate  of  return 
exceeding  its  cost  of  capital  to  the  degree  and  length  of  time 
depicted  by  the  diagram.  Secondly,  even  for  a firm  not  encumbered 
by  regulated  return,  the  opportunity  for  locating  investments  which 
promise  such  excess  returns  without  a corresponding  increase  in  the 
business  risk  of  the  firm,  and  hence,  a higher  cost  of  capital,  is 


rare . 
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Figure  4.2 


Value  with  respect  to  investment  as  a fraction  of  earnings  when 
Z = .08,  r = .10,  T = 25,  and  RB  = $10,000 
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V 


Figure  4.3 


Value  as  explained  by  expected  after  tax  rate  of  return  on  investment 
when  Z =.08,  a = .60,  T = 25,  and  RB  = $10,000 
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Changes  in  the  average  cost  of  capital,  Z.  Change  in  total 
firm  value  V resulting  from  changes  in  y»  and  T entered  only  through 
the  growth  term  of  equation  (4.29),  the  perpetual  income  component 
being  unaffected.  Assuming  that  the  average  return  on  the  existing 
rate  base  and  the  marginal  return  to  be  earned  on  additions  to  that 
rate  base  were  equal,  the  tax-adjusted  rate  of  return  r determined 
the  levels  of  both  the  permanent  and  growth  components  of  total 
value.  The  cost  of  capital  also  affects  the  valuation  equation 
through  both  the  perpetual  and  growth  components  of  the  model.  In 
the  nongrowth  component  the  present  value  of  the  perpetual  expected 
income  stream  varies  inversely  with  the  cost  of  capital.  In  the 
growth  component  the  approximate  level  of  growth  income  is  estab- 
lished in  part  by  the  cost  of  capital  and  the  resulting  income 
stream  is  divided  by  Z(1  + Z)  to  calculate  its  approximate  present 
value . 

To  see  the  total  impact  on  firm  value  from  a change  in  the 
average  cost  of  capital,  partially  differentiate  equation  (4.29) 
with  respect  to  Z obtaining 


fZ  ^ _r-RB 


1 + 


yt 


(1  + Z)2 


(r  + 2rZ  - Z2) 


< 0 


(4.35) 


It  should  be  emphasized  that  the  change  described  by  inequality 
(4.35)  decreases  as  the  average  cost  of  capital  increases.  This 
diminishing  impact  upon  firm  value  can  be  identified  by  taking  the 
second  partial  derivative  with  respect  to  Z of  (4.29)  giving 


3^V  ^ 2r -RB 
9^ 


■ ■ (r  + 3rZ  + 3rZ^ 

. (1  + z)3 


Z^) 


> 0 


(4.36) 
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Figure  A. 4 shows  constructed  values  of  four  hypothetical 
companies,  each  with  a rate  base  currently  valued  at  $10,000;  annual 
investment  in  income  producing  assets  equal  to  60  percent  of  that 
year's  earnings;  and  each  year's  investment  having  an  average  life 
of  25  years.  Only  r,  the  after-tax  expected  rate  of  return  varies 
among  the  four.  Firm  1 is  defined  as  a no-growth  company,  i.e., 
r^  = Z.  Firm  2 differs  from  Firm  1 in  that  the  net  rate  of  return 
on  investment  is  assumed  to  be  14  percent  regardless  of  the  level 
of  Z.  Finally,  Firms  3 and  4 illustrate  a constant  spread  of  200 
and  300  basis  points  respectively  between  investors'  consensus 
return  on  investment  and  the  average  cost  of  capital.  It  should  be 
noted  that  in  spite  of  this  constant  spread  (e.g.,  if  Z increases 
from  .10  to  .11  for  Firm  3,  then  r^  instantly  increases  from  .12 
to  .13)  firm  value  declines  as  Z increases.  It  will  now  be  shown 
that  for  r > Z,  investors  must  expect  the  change  in  r to  be  greater 
than  the  change  in  Z for  firm  value  not  to  decrease  as  Z increases. 

Regulating  the  allowed  rate  of  return.  The  following 
scenario  provides  an  illustration  of  two  variables  changing 
simultaneously.  Recall  that  r represents  investors'  consensus 
expected  rate  of  return  on  all  assets  of  the  firm,  both  average  and 
marginal.  Now  allow  interest  rates  to  increase  to  the  extent  that 
the  utility's  cost  of  capital  increases  by  100  basis  points  from  10 
to  11  percent.  Expression  (4.35)  and  Figure  4.4  show  that,  regard- 
less of  the  size  of  r relative  to  Z,  the  value  of  the  utility  will 
decline  as  Z increases.  The  task  of  the  regulatory  agency  inclined 
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V 


Figure  4.4 


Value  with  respect  to  average  cost  of  capital  when 
Y = .60,  T = 25,  and  RB  = $10,000 
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to  provide  rate  relief  is  to  determine  what  rate  of  return  the 
utility  should  now  be  permitted  if  the  value  of  the  firm  is  to  re- 
main unchanged. 

Assuming  that  the  values  investors  assign  to  Y and  T remain 
constant  and,  furthermore,  that  investors  believe  r = , the  change 

in  firm  value  can  be  determined  as  follows.  First,  express  the 
total  change  in  V from  a change  in  Z and  r as  the  differential 


dV  = 


-r-RB 


1 + 


yT 


(1  + Z)' 


(r  + 2rZ  - Z^) 


dZ 


+ RB 


2yrT 


yt 


Z(1  + Z)  1 + z 


dr 


(4.37) 


A regulatory  objective  of  maintaining  current  firm  value  is  equiva- 
lent to  setting  dV  =0;  the  change  in  r associated  with  dV  = 0 is 


dr  = 


(1  + Z)^  + yT  (r  + 2rZ  - Z^) 

(1  + Z)^  + yT  [r  + 2rZ  - Z^  + (r  - Z) 


^ r (4.38) 
Z 


To  simplify  (4.38)  substitute  the  identity 
f(r,Z) 


(1  + Z)^  + yT  (r  + 2rZ  - Z^) 


(1  + Z)^  + yT  [r  + 2rZ  - Z^  + (r  - Z) ] 


(4.39) 


for  the  bracketed  term  in  (4.38)  and  note  that  f(r,Z)  is  less  than, 
equal  to,  or  greater  than  1.0  when  r is  greater  than,  equal  to,  or 
less  than  Z.  Rewriting  (4.38)  in  this  simplified  form  gives 


dr  = f(r,Z)  ^ r 


(4.40) 


or 


^ = f(r,Z)  ^ 
r Z 


(4.41) 
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Equation  (4. AO)  provides  a specific  model  to  regulate  a public  util- 
ity's rate  of  return  on  its  rate  base.  To  implement  this  idea,  the 
utility  commission  must  obtain  current  estimates  of  Z,  r,  y,  and  T 
and  be  content  with  allowing  a rate  of  return  which  would  not  change 
the  total  value  of  the  firm.  As  an  example  of  setting  a new 
allowed  return,  consider  the  case  of  Firm  3 described  above  and  in 
Figure  4.4.  Recall  that  for  Firm  3 the  expected  rate  of  return  was 
constructed  to  be  r = Z + .02.  Thus,  at  Z = .10,  r = .12  and 
V = $15,273.  IThen  the  cost  of  capital  increased  by  100  basis  points 
to  Z = .11,  the  rate  of  return  on  assets  (rate  base)  increased  to 
r = Z + .02  = .13,  but  firm  value  descreased  to  V = $15,012.  The 
reason  for  the  decline,  of  course,  is  that  r and  Z increased  by 
equal  absolute  amounts.  To  find  that  Z^  which  leaves  the  value  of 
the  firm  unchanged,  equations  (4.39)  and  (4.41)  can  be  used.  First 
solving  (4.39) 

f(.12,  .10)  = 0.914773 

Now  using  (4.41)  it  is  seen  that  the  percentage  change  in  r must  be 

-^  = .914773(^)  = .091477 
or  the  new  allowed  rate  of  return  must  be 

Z^  = (1.091477)  0.12  = 0.131 

d 

to  ensure  that  firm  value  remains  at  V = $15,273  (approximately). 
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Estimating  the  Average  Cost  of  Capital 

There  are  two  ways  that  equation  (4,22)  can  be  used  to  esti- 
mate the  average  cost  of  capital  for  a firm.  The  first  way  is 
straightforward  and  appropriate  for  an  individual  firm  under  condi- 
tions of  market  equilibrium.  If  numerical  values  are  obtained  for 
V,  , Y>  t and  T,  they  can  be  substituted  into  (4,22)  to  obtain  a 
corresponding  Z value.  The  second  procedure  is  more  general.  If 
it  is  assumed  that  Z and  T are  identical  for  all  firms  in  a given 
sample  of  equal  risk  firms,  then  numerical  estimates  for  them  can 
be  obtained  by  regressing  on  the  appropriate  variables  in  the 
equation.  It  is  the  second  method  on  which  attention  is  now  di- 
rected. In  this  section  a statistical  equation  is  constructed  for 
equation  (4.22)  that  is  nonlinear  in  its  parameters.  An  iterative 
least-squares  algorithm  is  then  proposed  to  calculate  maximum 
likelihood  estimates  of  the  average  cost  of  capital.  Numerical 
results  of  cross-section  regressions  are  presented  in  Chapter  V. 


The  Structural  Model 

To  construct  the  structural  model  the  growth  term  of 
expression  (4.22)  is  first  expanded  to 


V 


1 + z 


yx'^+ 


T 


Z(1  + Z) 


YX'^r 


A straight  forward  regression  equation  corresponding  to 


(4.42) 
(4.42)  is 


(4.43) 
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where 


B 


1 


^ 1 


Z 


B2  - 


T 

1 + Z 


= X‘ 

G2  = 

G3  = yX'^r 


Note  that  the  coefficient  associated  with  independent  variable  G^ 
is  restricted  in  equation  (4.43)  to  the  negative  product  of  the 
coefficients  of  G^  and  G2 . As  a result  of  this  nonlinear  restric- 
tion equation  (4.43)  is  overidentified,  i.e.,  there  is  no  unique 
solution  to  the  restricted  parameter  that  corresponds  to  independent 
variable  G3.  However,  it  is  still  possible  to  estimate  the  re- 
stricted parameters  of  (4.43)  using  a nonlinear  approach  which 
minimizes  the  error  sum  of  squares 


S(B_^B2)  = 


u 

^ ["i 

i=l  L 


^1  ^li  ■ ^2  *^2i  ^1^2  ^3i 


(4.44) 


Estimation  of  B^  and  B2 

Several  nonlinear  algorithms  are  available  for  estimating 
the  coefficients  that  minimize  S(B2^,B2)>  The  one  employed  here  is 
the  modified  Gauss-Newton  method,  also  called  the  linearization  (by 

O 

truncated  Taylor  series)  method.  To  use  the  linearization  method. 


For  a brief  overview  of  nonlinear  estimation  in  general 
and  the  linearization  method  in  particular  see  Draper  and  Smith 
[18]. 
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expand  equation  (4.43)  about  initial  estimates  of  the  coefficients, 
bjQ  and  h2Q,  curtailing  the  expansion  at  the  first  derivitive.  This 
operation  results  in 


- [G2  - b2QG3l(32  ~ b2o)  + (4.45) 

The  zero  in  each  subscript  indicates  the  particular  iteration  of  the 
algorithm;  b^^g  is  tbe  initial  estimate  of  3^,  bj^j  is  the  estimate 
of  3]^  after  one  iteration,  b^2  the  estimate  of  3^^  after  the  second 
iteration  and  so  on. 

Now  equation  (4.45)  can  be  reformed  as 


V - f°(^;  b2Q»b2g)  - [G^  + b2QG3]  A^g 

- [G2  - b^gGg]  A2g  + Uq  (4.46) 


where 


f°(^;  b3,b2)  - b^gGj^  + b2gG2  - b3gb2gG3 
Aio  = 3i  - b^g 
^20  = ^2  " ^20 


(4.46a) 

(4.46b) 

(4.46c) 


Note  that  (4.46a)  is  linear  in  its  coefficients.  Thus,  ordinary 
least-squares  regression  can  be  used  to  calculate  estimates  a^g  and 
a2Q  for  coefficients  A^g  and  A2q.  From  equations  (4.46b)  and 
(4.46c)  can  be  calculated  new  estimates  of  3^  and  32  as 


“ ^10  ^ ^10 


(4.46b') 


and 


b 


21 


^20  ‘'^20 


(4.46c') 
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Coefficients  and  b22  then  substituted  into  equation  (4.45) 
in  place  of  the  initial  estimates  b-|^Q  and  b2Q  and  a new  linear 
estimating  equation  is  formed  as 

V - f^(^;  ~ ^21^3^^11  ~ [G2~b2^2^G2]A22^  + Ui 

(4.46') 

Parameters  and  k2-^  are  once  again  estimated  by  ordinary  least- 
squares  regression  and  estimates  for  6-j^  and  62  revised  as 

before,  i.e.  , 


bi2  + a^^ 

^22  ^ ^^21  ^21 


Tlie  iterations  continue  until 


^1,  j+1  - ^Ij 


and 


^2,  j+1  ^2j 

b2- 


< 6 


where  6 is  a prespecified  convergence  criterion. 


(4.46b") 

(4.46c") 


(4.47a) 


(4.47b) 


Statistical  Properties  of  the  Model 

Estimates  obtained  by  iterative  least-squares  are  exactly 
the  same  as  maximum  likelihood  estimates  provided  that  the  maximiza- 
tion of  the  likelihood  function  is  achieved  by  minimizing  the  sum  of 
squared  deviations  between  the  actual  and  fitted  values  of  the 
dependent  variable.  The  maximum  likelihood  estimates  thus  obtained 
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are  unbiased,  consistent  and  asymptotically  efficient  provided  the 
following  conditions  hold: 

a.  is  normally  distributed 

b.  E(u£)  = 0 

c.  E(ui^)  = 

d.  E(u^,  Uj)  = 0,  i ^ j 

e.  ^ and  _u  are  independent 

f.  A global  maximum  is  reached 

Sample  data  should,  of  course,  be  examined  to  determine  if 
these  conditions  are  satisfied.  However,  some  of  the  conditions  are 
less  crucial  than  others.  For  instance,  it  can  be  shown  that  the 
asymptotic  distribution  of  nonlinear  estimates  is  normal  with 
identical  mean  and  variance  as  the  asymptotic  distribution  of 
maximum  likelihood  estimates.  llius , the  assumption  of  normality 
is  not  crucial  in  order  to  ensure  desirable  asymptotic  properties. 
Also,  of  some  importance,  is  the  condition  that  and  are  inde- 
pendent since  independence  of  the  stocastic  independent  variables 
and  the  disturbance  term  ensures  desirable  properties  of  the  esti- 
mators. However,  if  they  are  at  least  contemporaneously  uncorre- 
lated, the  desirable  properties  of  the  estimators  will  still  exist 
asymptotically . 


Summary 

This  chapter  has  developed  a theoretical  model  that  ex- 
presses the  total  value  of  a firm.  It  was  shown  how  the  model 
could  be  utilized  in  the  regulatory  process.  Also  explained  was 
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a method  for  calculating  maximum  likelihood  estimates  of  the  cost 
of  capital  for  a sample  of  firms  of  equal  risk.  The  results  of 
cross-section  regression  of  equation  (4.43)  will  now  be  presented 
in  Chapter  V. 


aiAPTER  V 


THE  RESULTS 

This  chapter  presents  evidence  confirming  the  major  hypoth- 
esis that  the  cost  of  capital  can  be  estimated  directly  by  the 
valuation  model 

V = 1 X'^-  1 yX"^  + r (4.A2) 

Z (1  + Z)  Z(1  + Z) 

where 

V = the  total  market  value  of  the  firm 

X^  = expected  future  level  of  total  tax-adjusted  earnings 
for  the  firm 

Z = the  average  cost  of  capital 

T = the  number  of  years  of  anticipated  growth  in  tax- 
adjusted  earnings 

Y = expected  addition  to  net  assets  as  a percentage  of 

current  tax-adjusted  earnings 

r = expected  tax-adjusted  rate  of  return  on  additional 
assets 

In  the  process  the  following  minor  hypothesis  is  tested:  Financial 

leverage  does  not  effect  the  total  value  of  an  electric  utility.  A 
test  of  the  homogeneity  of  electric  utilities  with  respect  to 
business  risk  is  reported  in  Appendix  B. 
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Chapter  V is  organized  as  follows.  Section  one  identifies 
the  model's  variables  and  describes  the  data  associated  with  these 
variables.  The  second  section  of  the  chpater  reports  the  results 
of  cross-section  regressions  for  the  entire  sample  for  years  1963, 
1965,  1967,  1969,  1971,  and  1973.  In  section  three  the  minor 
hypothesis  is  tested. 

Defining  and  Measuring  the  Variables 

To  test  the  major  and  minor  hypotheses  seventy  Class  A and 
B electric  utilities  included  in  the  Compustat  utility  file  were 
initially  identified;  one  was  subsequently  discarded  because  of 
incorrect  data.  The  remaining  sixty-nine  firms  are  listed  in 
Appendix  A.  From  equation  (4.42)  the  following  statistical  equa- 
tion is  proposed 

Vi  = + 62^1  + 6262^^^!  + u.  (5.1) 

where 

= total  market  value  of  firm  i 

= total  tax-adjusted  earnings  expected  to  be  earned 
on  the  existing  level  of  assets  by  firm  i 

I_  = expected  net  investment  in  additional  assets  by 
^ firm  i 

A?.  = expected  change  in  total  tax-adjusted  earnings  as 
a result  of  additional  asset  investment  b,  firm  i 

3^  = 1/Z,  the  marginal  capitalization  rate  for  the 
electric  utilities 

$2  =~T/(1  + Z)  where  T is  the  expected  number  of  years 
for  which  r > Z 

u^  = a random  disturbance  term  for  firm  i. 
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The  variables  in  (5.1)  are  not  easily  obtained.  Those  on 
the  right-hand  side  of  the  equation  are  unobservable;  they  are  best 
described  as  a consensus  of  investors'  expectations  about  the 
future  prospects  of  the  firm.  Total  firm  value,  the  dependent 
variable,  is  observable  except  for  those  firms  which  have  privately 
placed  bond  and  preferred  stock  issues.  There  being  no  market 
prices  for  these  securities,  one  can  either  include  them  at  their 
recorded  value,  a distasteful  choice  in  periods  of  changing  interest 
rates,  or  the  alternative,  estimate  their  market  value  and  use  the 
estimate  in  calculating  the  total  market  value  of  that  firm's 
securities . 


The  Dependent  Variable 

Total  firm  value  is  defined  as  the  sum  of  all  outstanding 
financial  obligations  specifically  identified  with  either  an  owner 
or  creditor.  Thus, 


V 


Md 

j = l 


Pb. 

1 


Nb.  + 
1 


Md 


j=l 


Np  + Pc-Nc+Po-No 

1 


where 


Pbj  = market  price  per  bond  in  bond  series  j 

Pp . = market  price  per  share  of  preferred  stock  in  pre- 
^ ferred  stock  series  j 

Po  = market  price  per  share  of  common  stock 

Pc  = market  price  of  a unit  of  "other  financing" 

Nbj  = number  of  bonds  in  bond  series  i 
J 

Npj  = number  of  shares  of  preferred  stock  in  preferred 
stock  series  j 


Nc  = number  of  shares  of  common  stock 
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No  = number  of  units  of  "other  financing" 

Md  = number  of  bond  series  for  a given  firm 

Mp  = number  of  preferred  stock  series  for  a given  firm. 

Other  financing.  Bank  loans,  accruals,  and  miscellaneous 
short-term  credit  is  lumped  together  and  called  "other  financing." 

It  has  no  observable  market  value  and  so,  for  lack  of  an  alternative 
procedure,  it  is  valued  as  the  average  of  the  beginning  and  ending 
balances  for  the  year.  If  interest  rates  rise  during  a particular 
year,  the  procedure  has  the  effect  of  overstating  the  true  value  of 
"other  financing."  However,  the  short  maturity  of  "other  financing" 
tends  to  make  the  overstatement  quite  small.  Furthermore,  "other 
financing"  relative  to  total  firm  value  is  also  small,  reducing 
further  the  error  resulting  from  the  use  of  recorded  values  for 
this  component. 

Common  stock.  To  calculate  the  market  value  of  each  firm's 
common  equity  the  average  of  the  high  and  low  closing  stock  price 
for  the  year  is  multiplied  by  the  average  number  of  shares  out- 
standing during  the  year. 

Bond  values.  The  market  value  of  each  firm's  outstanding 
bonds  is  found  by  summing  the  market  values  of  each  bond  series. 

The  average  of  the  annual  high  and  low  prices  of  each  bond  series, 
as  reported  in  Moody's  Utility  Manual,  times  the  number  of  bonds 
outstanding  during  that  year  was  used  as  the  market  value  of  a 
particular  series.  However,  as  noted  above,  some  bond  issues  were 
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privately  placed.  Not  being  traded,  the  market  prices  of  these 
bonds  had  to  be  estimated.^ 

Several  statistical  equations  were  examined  for  estimating 
the  market  value  of  non-traded  bonds.  To  select  the  best  model,  the 
entire  sample  of  bonds  wi th  observed  average  prices  was  divided  into 
two  groups.  Equation  coefficients  were  estimated  with  one  group,  and 
fitted  prices  for  the  second  group  were  calculated  using  these  esti- 
mated coefficients.  The  equation  selected,  based  upon  the  smallest 
mean  square  prediction  error  between  fitted  and  actual  prices,  was 
the  linear  equation 

+ Oj  M + a2C  + + ci^D2  + + u 

(5.3) 

where 

M = the  maturity  of  the  bond  in  months 

C = the  coupon  rate  of  the  bond 

D]^  = a dummy  variable  equal  to  1 if  the  bond  is  rated  Aa 
and  0 for  other  ratings 

D2  = a dummy  variable  equal  to  1 if  the  bond  is  rated  A 
and  0 for  other  ratings 

= a dummy  variable  equal  to  1 if  the  bond  is  rated  Baa 
or  less  and  0 for  other  ratings. 

Equation  (5.3)  is  not  to  be  viewed  as  a pricing  model  for  corporate 
debt.  Rather,  it  is  the  best  in  terms  of  minimum  mean  square 


The  greatest  amount  of  privately  placed  debt  outstanding 
was  in  1973  when  it  comprised  19  percent  of  the  total  funded  debt. 
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prediction  error  of  several  ad  hoc  procedures  available  for  esti- 
mating prices  of  non-traded  bonds. 


Preferred  stock.  The  market  value  of  each  firm's  preferred 
stock  was  calculated  Identically  to  bond  market  values,  i.e.  , the 
average  of  the  high  and  low  annual  price  was  multiplied  by  the  number 
of  preferred  stock  shares  for  the  traded  issues.  For  non-traded 
issues  the  market  price  was  estimated  by  the  linear  equation 


+ a-,  D + u 
P o Ip 


(5.4) 


where  Dp  represents  the  preferred  stock  dividend.  As  with  bond 
price  estimation,  coefficients  of  (5.4)  were  estimated  from  the 
sample  of  preferred  stock  issues  with  observed  prices,  and  then  used 
to  fit  the  unobserved  preferred  stock  prices.  Of  the  price  predic- 
tion equations  examined,  including  the  use  of  dummy  variables  to 
reflect  preferred  stock  ratings,  equation  (5.4)  was  superior  to  all 
others  in  terms  of  minimum  mean  square  prediction  error. 


Firm  total  value.  Each  firm's  total  value  was  calculated 
according  to  equation  (5.2).  Summary  statistics  of  total  and  com- 
ponent values  appear  in  Table  5.1.  The  numbers  reveal  that  total 
market  values  of  electric  utilities  increased  on  average  by  more 
than  50  percent  during  the  ten-year  sample  period.  The  spread  between 
recorded  market  values  became  larger  during  this  period  for  the 
obvious  reason  that  yields  on  debt  and  preferred  stock  increased. 

The  inclusion  of  debt  and  preferred  stock  at  book  value  would  thus 
overstate  firm  total  market  value;  for  example,  in  1973  the 


Summary  of  Total  Firm  Value  for  69  Electric  Utilities  ($  millions) 
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overstatement  would  be  11  percent.  Additional  insight  into  the 
relative  importance  of  each  component  of  financing  can  be  gained 
from  Table  5.2  where  it  is  observed  that  the  increase  in  firm  total 
value  resulted  primarily  from  substantial  increases  in  the  use  of 
long-term  debt  and  preferred  stock.  Also,  the  large  increase  in 
short-term  financing  should  not  go  unnoticed.  Whild  far  from  being 
a major  component  of  firm  value  (about  4 percent  in  1973)  , it  is 
evident  that  utilities  have  increasingly  relied  upon  short-term 
methods  to  finance  assets. 

The  Independent  Variables 

As  noted  above,  none  of  the  independent  variables  of  equation 

(5.1)  are  observable.  Rather,  they  represent  investors'  consensus 

judgment  about  the  future  prospects  of  each  firm's  earnings  and 

2 

investments.  Before  explaining  a method  for  generating  naive 
expected  values  for  the  independent  variables,  a definition  of  each 
is  provided. 

Tax-adjusted  earnings.  Tax-adjusted  earnings  are  earnings 
generated  from  the  current  level  of  net  assets  and  assumed  to  con- 
tinue ad  infinitum.  Annual  tax-adjusted  earnings  are  taken  from 
the  income  statement  as  the  sum  of  component  incomes  to  debtholders, 
preferred  stockholders  and  common  stockholders 


Naive  in  the  sense  that  only  historical  data  is  employed 
to  predict  future  levels  of  a variable. 
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Table  5.2 

Component  Market  Values  as  a Percent  of  Firm  Total  Market  Value 


Year 

Common 

Stock 

Funded 

Debt 

Preferred 

Stock 

Other 

Financing 

Fi  rm 
Va  1 ue 

1963 

.604 

.320 

.069 

.007 

1.000 

1965 

.626 

.304 

.060 

.010 

1.000 

1967 

.566 

.352 

.064 

.018 

1.000 

1969 

.525 

.374 

.063 

.038 

1.000 

1971 

.449 

.439 

.083 

.029 

1.000 

1973 

.385 

.467 

.105 

.043 

1.000 
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X'^(t)  = X(t)  - Tx(t)  (5.5) 

where 

X(t)  = total  earnings  before  interest  and  taxes 
Tx(t)  = total  taxes  paid  in  period  t 
Equation  (5.5)  assumes  that  earnings  available  to  owners  of  common 
stock  are  comparable  for  companies  with  different  depreciation 
policies,  e.g.,  normalized  versus  flow-through;  unlike  McDonald 
[36,  n.  12],  no  adjustment  was  made.^ 

Net  Investment  in  additional  assets.  The  annual  change  in 
the  recorded  value  of  depreciated  assets  represents  the  annual  net 
investment  in  total  assets.  Thus,  net  investment  reflects  additions 
to  plant  and  equipment  as  well  as  increases  in  working  capital. 
Annual  net  investment  for  each  firm  was  calculated  as 

I(t)  = A(t)  - A(t  - 1)  (5.6) 

where 

A(t)  = total  assets  in  period  t. 

Incremental  earnings  from  additional  net  investment.  Annual 
incremental  earnings  represent  the  annual  change  in  total  tax- 
adjusted  earnings  and  are  calculated  as 

Ax”^(t)  = X'^(t)  - X'^(t  - 1)  (5.7) 


3 

For  additional  information  on  this  point  see  Brigham  and 
Pappas  [14]. 
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Forecasts  of  Independent  Variables 

It  is  not  possible  to  correctly  measure  the  ex  ante  values 
of  the  independent  variables.  However,  it  is  possible  to  generate 
from  a firm's  existing  data,  numbers  to  serve  as  estimates  of  in- 
vestors' consensus  values  for  ex  ante  earnings  and  investments. 
Although  other  forecasting  techniques  exist,  the  four  procedures 
discussed  below  have  frequently  been  cited  in  other  valuation 
studies  including  those  reviewed  in  Chapter  III. 

Regression.  "Normalizing"  a time  series  of  economic  data 
has  long  been  employed  by  security  analysts  to  predict  future  levels 
of  variables.  One  straightforward  procedure  is  to  calculate  by 
ordinary  least  squares  a linear  or  exponential  trend  of  the  particu- 
lar time  series,  then  use  the  trend  line  to  predict  future  values 
of  the  series . 

Four-year  average.  Miller  and  Modigliani  [39]  estimated 
future  investment  in  total  assets  as  a four-year  arithmetic  average 
of  annual  changes  in  assets.  As  justification,  M & M cited  higher 
correlations  with  firm  value  for  this  procedure  than  for  other 
estimating  techniques. 

Geometric  mean  of  first  ratios.  Craig  and  Malkiel  [15] 
examined  forty  different  quantitative  measures  for  estimating 
future  earnings.  Based  on  Thiel's  Inequality  Coefficient,  the 
10-year  geometric  mean  was  judged  superior. 
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Distributed  lag.  McDonald  [36]  used  a distributed  lag  over 
the  previous  3 years  with  weights  of  .60,  .24,  and  .16  to  forecast 
changes  in  both  earnings  and  investment  in  fixed  assets. 


Analysis  of  Prediction  Methods 

A total  of  20  years  of  data  was  drawn  from  the  Compustat 
Utility  File  to  calculate  one-year  forecasts  of  tax-adjusted 
earnings  and  investment  in  total  assets  by  each  of  the  above  fore- 
casting methods.  Depending  upon  the  required  number  of  observa- 
tions, the  number  of  one-year  forecasts  range  from  16  per  firm  for 
the  distributed  lag  model  to  9 per  firm  for  the  10-year  trend  and 
average.  Actual  and  predicted  values  of  tax-adjusted  earnings  and 
net  investment  were  compared  by  Thiel's  Inequality  Coefficient 


U = 


N 

y 

i=l  ■ Act^)' 


I Act^' 
i=l 


(5.8) 


where 


N = the  number  of  observations 
Pre^  = the  predicted  change  in  the  forecasted  variable 
Actj^  = the  actual  change  in  the  forecasted  variable. 

Tables  5.3  and  5.4  report  the  accuracy  of  the  several  pre- 
dicting techniques  described  above.  The  3-year  distributed  lag  and 
the  5-year  geometric  mean  consistently  provide  more  accurate  fore- 
casts than  any  of  the  other  methods.  ITie  worst  by  far  is  the  10- 
year  linear  trend.  Because  of  its  marginal  superiority  in  pre- 
dicting tax-adjusted  earnings  (the  net  investment  predictions  were 
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Table  5.3 


The  Quality  of  Several  Investment  Forecasts 


No. 

Method  of  Forecast 

IJ 

1 

3-Year  Distributed  Lag 

0.0250 

2 

4-Year  Arithmetic  Mean 

0.0295 

3 

5-Year  Geometric  Mean  (first  ratio) 

0.0250 

4 

10-Year  Geometric  Mean  (first  ratio) 

0.0310 

5 

5-Year  Linear  Trend 

0.0360 

6 

10-Year  Linear  Trend 

0.0740 

7 

5-Year  Exponential  Trend 

0.0310 

8 

10-Year  Exponential  Trend 

0.0585 
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Table  5.4 


The  Quality  of  Several  Tax-adjusted  Earnings  Forecasts 


No. 

Method  of  Forecast 

U 

1 

3-Year  Distributed  Lag 

0.0390 

2 

4 -Year  Arithmetic  Mean 

0.0415 

3 

5-Year  Geometric  Mean  (first  ratio) 

0.0375 

4 

10-Year  Geometric  Mean  (first  ratio) 

0.0425 

5 

5-Year  Linear  Trend 

0.0480 

6 

10-Year  Linear  Trend 

0.0830 

7 

5-Year  Exponential  Trend 

0.0420 

8 

10-Year  Exponential  Trend 

0.0640 
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equally  precise)  , the  5-year  geometric  mean  was  selected  as  the  best 
method  for  generating  investor  consensus  estimates  of  future  tax- 
adjusted  earnings  and  net  investment.  Specifically,  each  independent 
variable  of  equation  (4.42)  is  estimated  as 


x-f(t) 


x^(t  - D/x'^Ct  - 6)  ] 


X'f(t  - 1)  (5.9a) 


AX'^(t)  = X^(t)  - XT(t  - 1) 


(5.9b) 


I(t)  = 


l(t  - l)/l(t  - 6) 


• l(t  - 1)  (5.9c) 


Heteroscedasticity 

It  is  evident  from  Table  5.1  that  large  disparities  in  firm 
size  exist.  In  1963,  for  example,  the  maximum  firm  value  was  more 
than  35  times  larger  than  the  minimum.  It  follows,  a priori,  that 
disturbances  about  the  regression  surface  will  be  positively  corre- 
lated with  firm  size  resulting  in  inefficient  estimated  coefficients. 
One  approach  to  correct  non-constant  variance  is  logarithmic  or 
exponential  transformation  of  the  variables  in  equation  (5.1).  How- 
ever, since  the  variables  of  (5.1)  are  additive,  such  a transforma- 
tion introduces  a specification  bias. 

A superior  method  of  data  adjustment  is  to  weight  each 
observation  inversely  to  the  size  of  its  respective  error  term. 

For  equation  (5.1)  an  obvious  candidate  is  V,  total  firm  value. 
Dividing  (5.1)  by  V results  in 

X'^  , I , AX 

V = “o  + “1  V “2  -T 


+ e 


(5.10a) 
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where 

“o  = 

ai  =-^2/^1 

“2  " ~^2 

e = u/V 

Althougli  (5.10a)  appears  to  assure  homoscedasticlty , it  potentially 
creates  even  more  serious  problems.  First,  V is  stochastic  and 
neither  independent  nor  contemporaneously  uncorrelated  with  u;  thus 
the  least  squares  estimators  of  (5.10a)  will  not  be  consistent. 
Measurement  errors  in  V pose  an  additional  problem  (recall  that 
some  bond  and  preferred  stock  values  had  to  be  estimated).  To  the 
extent  that  measurement  errors  exist  in  V,  the  coefficients  for 
investment  and  change  in  earnings  will  be  asymptotically  biased 
toward  zero.  Identical  problems  result  if  (5.1)  is  deflated  by 
X'^  giving 

V T 

-=&-,+  + w (5.10b) 

XT  1 2-^  1 2 

Specific  attention  will  be  directed  at  measurement  errors  in  in 
a subsequent  section. 

Following  previous  cross-section  econometric  studies  (cf. 
[39],  [32],  and  [36]  reviewed  in  Chapter  III),  the  inverse  of  the 
book  value  of  total  assets  was  selected  as  the  best  possible  weight 
for  deflating  the  variables  in  equation  (5.1).  A priori,  the  strong 
relationship  existing  between  the  book  value  of  a utility's  total 
assets  and  its  rate  base  results  in  positive  correlation  across 
firms  between  reported  tax-adjusted  earnings  and  total  assets. 
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Furthermore,  total  assets  can  be  considered  as  nonstochastic,  at 
least  considerably  less  for  utilities  than  other  industries  due  to 
the  generally  followed  system  of  accounts  required  by  the  Federal 
Power  Commission.  Thus,  the  adjusted  statistical  model  selected 
for  use  in  the  cross-section  regressions  is 


Table  5.5  lists  summary  statistics  of  the  dependent  and  independent 
variables,  deflated  by  total  assets.  Fixed  charge  coverage,  to  be 
used  in  subsequent  specification  tests,  is  also  included  in  Table 
5.5.  Table  5.6  reports  their  product  correlations. 

Omission  of  the  Constant  Term 

Equation  (5.11)  does  not  have  an  intercept  term.  As  de- 
veloped in  the  theoretical  valuation  model,  firm  total  value  depends 
solely  upon  the  tax-adjusted  income  expected  by  the  owners  and 
creditors  of  the  firm  and  capitalized  at  an  appropriate  rate  Z. 
Including  a constant  in  the  regression  equation  when  prior  knowl- 
edge requires  that  it  be  restricted  to  zero  leads  to  more  imprecise 
estimators  than  would  be  obtained  if  the  intercept  was  constrained 
to  zero.  Nevertheless,  it  is  a good  idea  to  empirically  verify  a 
zero  intercept,  and  this  is  undertaken  below. 


In  this  section  the  results  of  fitting  the  proposed  valua;- 
tion  model  by  nonlinear  least  squares  with  the  entire  sample  of  69 


V 

A 


(5.11) 


Results  of  the  Nonlinear  Regression 


electric  utilities  are  presented. 
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Table  5.5 

Summary  Statistics  of  Independent  Variables  Deflated 


by  Total 

Assets 

Hxpecced 

Cr.vinge  in 

Expected 

fixed 

Tonal 

Tutal 

Invescmenc  in 

Cliarge 

Scacistics 

Value 

Earninas^ 

Eamings° 

Tocai  .\sscw3'" 

Cove  race'-* 

1963 

Mean 

1.36910 

.06321 

.00515 

.06615 

.01519 

S.D. 

.300 19 

.00579 

.00175 

.03093 

.01169 

Min . 

1.076o8 

.05186 

.00126 

.01520 

,00073 

Max. 

2.17303 

.07721 

.01026 

. 16461 

.05793 

1965 

.Mean 

1.39796 

.06949 

, 0C448 

.05339 

. 01440 

S.D. 

.21633 

.00674 

.00191 

.03150 

.01108 

Min . 

1.08137 

.05202 

.00039 

.01390 

.0006, 

Max. 

2.35064 

. 0S5u8 

.01269 

.21112 

.06121 

1967 

Mean 

1.13769 

.06431 

.00957 

. 09869 

.01169 

S.D. 

. 15a36 

.07065 

.00191 

.02211 

.00932 

Min . 

.38956 

.05076 

.00157 

.01299 

.00056 

Max. 

1. 07163 

.08129 

.00913 

. 14930 

. 05266 

1969 

Mean 

.98599 

.06295 

. 009-3 

.06181 

.00892 

S.D. 

. 11213 

.00586 

.00193 

.01982 

.00712 

Min . 

. 78935 

.05192 

.00108 

.01983 

.00096 

Max . 

1.361,0 

.07350 

.00893 

. 10759 

.03739 

19n 

Mean 

.93975 

.06973 

.00562 

.08111 

. 00533 

S.D. 

.09983 

.00752 

.00153 

.02902 

.C0u96 

Min. 

. 73330 

. 39831 

. 30258 

. 03606 

.00039 

Max. 

1.31726 

.03279 

.00925 

. 19903 

.02384 

1973 

Me  an 

.39682 

. 06741 

.00716 

.09628 

.00906 

S.D. 

.06599 

, 00b  7 4 

.00222 

.03035 

.00 '>31 

Min . 

. 72390 

.05092 

.00179 

.02577 

.00028 

Max. 

1.09326 

.08932 

.01350 

.17579 

.02953 

X'(:;)/A(c)  = _ i)'A(;) 

^ :x'(c)/A(£)  = [XMc)  - - 1]/A(t) 

" I/A(t)  = ilKt  - 1)/I(c  -6)!b'5;.  . i(c  . i)/A(c) 

- FCC(c)/A(c)  = axwo  + T • Inc;;)  l/:ir.t:rc;  a-  . dpfti  p 
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Table  5.6 


Matrix  of  Simple  Correlation  Coefficients 

V'A  X'-A  AVT/a  T.^ 

FCC,  A 

1963 

’’  1 A 

i.OOO 

. 71- 

.208 

.026- 

.262 

X-  'A 

l.OOC 

.336 

.071 

-•X  ’ / A 

1.000 

.333 

.0^2 

I /A 

1.000 

.029 

FCC/A 

1.000 

1965 


V/ A 

1 . COO 

.717 

.311 

. 046 

.255 

:C  'A 

1.000 

. -^4  7 

.091 

.-13 

1.000 

.875 

.052 

I /A 

1 . 000 

.005 

.•  V.”  C / 

1 . 000 

1967 

’■,'A 
X'  A 
_A  - /■  A 
I,  A 
r CC  /A 

i.oro 

. 740 
1.000 

.655 
.59^ 
1 . 000 

. 192 
.003 
. 655 
• 1.000 

.093 
. 423 
. iS5 
-.015 
1 . 000 

1969 

• ' A 

1.000 

.637 

.*^59 

.299 

.170 

yt 

1.000 

. 560 

.245 

.360 

4::-;a 

I.OUO 

. 792 

-.040 

: ^A 

1.000 

-.204 

FCt/A 

1 . 000 

1971 

'•/A 

1 . 000 

. 664 

.368 

. . n-  7 

.230 

A ■ ' A 

1.000 

.543 

-.025 

.405 

_A  ' / A 

1.000 

. 6-.4 

-.090 

I / a 

1.000 

-.335 

FCC/A 

1.000 

1975 


1.000 

. 506 

.109 

-.120 

. 231 

A ' rt 

1 . 000 

.519 

.1'3 

.285 

AX^A 

: . 000 

.303 

-.236 

- 1 .A 

1 . 000 

-.-^24 

FCC/A 

1.  jCO 
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Results  of  Regressions 

Estimated  coefficients  of  equation  (5.11)  are  reported  in 
Table  5.7.  The  estimated  inverse  of  the  average  capitalization  rate 
bj  has  the  correct  sign  and  is  highly  significant  in  every  year. 
Furthermore,  the  reciprocal  of  b|^  reported  in  column  (2)  of  the 
tables  follows  quite  well  the  long-term  U.S.  Treasury  and  Aa 
Utility  bond  rates  listed  in  columns  (3)  and  (4) . The  estimated 
growth  coefficient,  b2>  is  statistically  significant  in  only  one 
year,  1967,  and  its  sign  is  incorrect. 

There  are  several  possible  explanations  for  the  poor  results 
associated  with  b2-  They  are:  (1)  each  year's  coefficients  may 

truly  reflect  investors'  consensus  of  the  duration  of  growth  for 
electric  utilities;  (2)  the  theoretical  specification  of  growth  in 
the  valuation  model  is  wrong;  (3)  the  numerical  estimates  for  ex- 
pected growth  in  assets  and  expected  Incremental  earnings  do  not 
represent  investors'  consensus  estimates;  or  (4)  multicollinearity 
between  the  estimates  of  investment  in  assets  and  expected  incremental 
earnings  (see  Table  5.6)  causes  unstable  coefficients.  More  likely 
than  not,  multicollinearity  plays  a role  in  the  imprecise  growth 
coefficients.  However,  it  is  not  surprising  that  b2  lacks  signifi- 
cance. Utilities  are  generally  not  considered  "growth"  companies. 
This,  of  course,  flies  in  the  face  of  the  empirical  results  of 
Litzenberger  and  Rao  [32]  and  Gordon  [26].  However,  these  studies 
were  concerned  with  the  relationship  between  growth  in  earnings  per 
share  and  stock  price,  not  between  tax-adjusted  earnings  and  total 


firm  value. 
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Table  5.7 


Nonlinear  Regression  of  Value  on  Expected  Tax-adjusted  Earnings, 
Expected  Change  in  Tax-adjusted  Earnings  and  Expected 
Investment  in  Total  Assets  (N  = 69) 


V F 

- = ^ + 

A 1 A 

62  i + 6j62 

aF 

-^  + u 

(1) 

(2) 

(3) 

(4) 

(5) 

(6) 

Year 

^1 

Z 

100/b^ 

Long  Term 
Treasury 
Yield* 

Average 
Utility 
Aa  Coupon 
Rate* 

b2 

2 

R 

1963 

19.294 

(1.192) 

5.18 

4.08 

4. 33 

.828 

(.473) 

.51 

1965 

20.612 

(.858) 

4.85 

4.26 

4.54 

.311 

(.335) 

.51 

1967 

16.113 

(.610) 

6.21 

4.94 

5.86 

.784 

(.316) 

.61 

1969 

14.253 

(1.105) 

7.02 

6.28 

7.56 

.675 

(.548) 

.42 

1971 

12.758 

(1.126) 

7.84 

6.12 

7.67 

.588 

(.477) 

.47 

1973 

10.799 

(.938) 

9.26 

7.00 

7.74 

.635 

(.362) 

.28 

Note : 

Numbers  in 

parentheses 

are  standard  errors. 

*Solomon  Brothers  Yield  Book. 
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Approximate  fit.  The  square  of  the  multiple  correlation 
coefficient,  , is  reported  in  column  (6)  of  Table  5.7.  For  non- 
linear  regression  R approximately  measures  the  proportionate 
reduction  of  total  variation  in  the  dependent  variable  that  is 
associated  with  the  use  of  the  set  of  explanatory  variables.  The 
word  approximately  is  necessary  for  two  reasons.  First,  it  must  be 
assumed  that  a global  minimum  (convergence)  has  been  obtained.  It 
is  demonstrated  below  that  this  requirement  appears  satisfied.  The 
second  reason  is  more  limiting.  Equation  (4.46)  indicates  that 
after  iteration  j unexplained  variation  is  the  sum  of  the  squared 
error  term  u • • 


SS 


,(b)  - [v^  - fhc;  b]j,  bj.)  - (Cii  tbjjGjj)  Ajj 


- ('’21  - 


1 2 


(5.12) 


The  estimate  obtained  for  SS^  (b)  , the  unexplained  variation,  is 
valid  only  to  the  extent  that  at  convergence  its  linarized  form 
(equation  (5.12))  provides  a good  approximation  to  the  true  model 
(see  equation  (5.1)).  There  is  no  assurance  that  this  requirement 
is  satisfied.  However,  the  nonlinearity  in  (5.1)  is  not  of  very 
high  order — b^b2 — and  thus  it  seems  reasonable  to  conclude  that  at 
convergence  approximation  to  the  true  model  is  adequate. 

Of  course,  SS^ (^)  must  also  be  at  a global  minimum  on 
iteration  j.  To  be  reasonably  assured  of  this,  extreme  Initial 
values  of  each  coefficient  were  used  ranging  from  0.005  to  5000. 
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The  regressions  for  each  of  the  years  were  replicated  four  times, 
one  for  each  combination  of  initial  values.  For  every  regression 
the  estimated  coefficients  were  identical  to  those  reported  in 
Table  5.7.  The  maximum  number  of  iterations  required  was  7 compared 
to  3 or  4 when  more  reasonable  initial  values  were  used. 

Inclusion  of  a Constant 

To  substantiate  the  belief  that  equation  (5.11)  should  not 
include  an  intercept,  the  regressions  were  repeated  without  sup- 
pressing the  constant  term.  The  results,  reported  in  Table  5.8, 
neither  support  nor  reject  including  a constant  term  in  the  statis- 
tical equation.  However,  the  fact  that  b is  significantly  positive 

o 

in  3 of  the  6 years  may  result  from  measurement  errors  in  X . To  fit 
equation  (5.11)  when  errors  exist  in  the  measurement  of  expected 
earnings,  will  result  in  an  earnings  coefficient  which  is  less  than 
its  true  value,  and  more  so,  the  larger  the  variance  of  the  error 
of  measurement.  Also,  Miller  and  Modigliani  correctly  pointed  out 
that  this  downward  asymptotic  bias  in  the  earnings  coefficient, 

".  . . will  be  greater  if  the  earnings  coefficient  was  calculated 
with  a constant  in  the  regression  equation  because  by  flattening  the 
slope  of  the  regression  line,  the  bias  tends  to  produce  a positive 
intercept  even  if  none  really  exists."^ 


A 

See  Miller  and  Modigliani  [39,  p.  352]. 
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Table  5.8 


Nonlinear  Regression  of  Value  on  Expected  Tax-adjusted  Earnings, 
Expected  Change  in  Tax-adjusted  Earnings,  Expected  Investment 
in  Total  Assets  and  a Constant  (N  = 69) 


A ° 1a  2a  J-^A 


Year 

(1) 

b 

o 

(2) 

bl 

(3) 

Z 

(4) 

hi 

(5) 

100/bj^ 

1963 

-.208 

25.162 

3.97 

.085 

.50 

(.190) 

(3.098) 

(.247) 

1965 

-.091 

23.188 

4.31 

-.407 

.51 

(.179) 

(2.902) 

(.266) 

1967 

.072 

14.601 

6.85 

1.036 

.61 

(.104) 

(1.651) 

(.341) 

1969 

.243 

10.955 

9.13 

.528 

.42 

(.110) 

(1.898) 

(.356) 

1971 

.352 

9.088 

11.00 

-.004 

.46 

(.080) 

(1.217) 

(.264) 

1973 

.520 

5.547 

18.03 

-.351 

.29 

(.070) 

(1.088) 

(.169) 

Note:  Numbers  in  parentheses  are  standard  errors. 
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Instrumental  Variables  Method 

One  approach  to  the  errors  In  variables  problem  that  pro- 
vides consistent  estimators  is  the  instrumental  variables  method. 
Implementation  of  this  method  requires  that  a new  variable  be  found 
that  is  uncorrelated  with  both  the  measurement  errors  of  and  u^, 
residual  error  term  of  (5.11).  Furthermore,  the  instrumental 
variable  must  be  positively  correlated  with  tax-adjusted  earnings 
when  the  latter  is  measured  without  error.  The  selection  of  spe- 
cific instrumental  variables  is  highly  subjective  and  for  this 
reason,  the  variables  introduced  by  M & M in  [39]  were^selected 
for  use  here. 


Estimation . Fitting  equation  (5.11)  with  instrumental 
variables  requires  two  steps  (stages).  In  the  first  stage  esti- 
mated total  tax-adjusted  earnings  are  regressed  on  the  selected 
instrumental  variables. 


. 6 + 6,  J_  + 6 

*1  “ : 


AA.  D ■ 

1 + 6 ^ 

A.  3 Ai 


where 


Divf 

+ 6 — <5  r • — — + v_- 

4 A^  5a.  1 


1/Aj^  = a size  variable 
AA^  = 4 year  average  growth 

= total  debt  at  market  value 
= total  preferred  stock  at  market  value 
Divj^  = total  dividend  payment 


(5.13) 


the 


a random  disturbance  term 
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In  the  second  stage  of  the  regression  fitted  values  of  tax-adjusted 
earnings  calculated  as  the  expected  value  of  equation  (5.13)  are 
used  in  equation  (5.11). 

Results . The  results  of  the  second  stage  regressions  are 
presented  in  Tables  5.9  and  5.10.  Table  5.9  reports  the  estimated 
coefficients  of  equation  (5.11)  with  the  constant  term  unconstrained. 
As  can  be  observed  in  column  (1),  b^  is  not  significantly  different 
from  zero  in  any  year.  Thus,  the  contention  that  no  constant  term 
should  appear  in  the  statistical  equation  is  supported.  Table  5.10, 
which  contains  the  results  of  the  regression  when  the  constant  term 
is  constrained  to  zero,  reports  a bq  coefficient  that  is  highly 
significant.  However,  it  is  disappointing  to  note  that  the  estimate 
of  Z is  consistently  below  the  Aa  coupon  rate. 

The  growth  coefficient  b2  has  the  correct  sign  in  every  year 
and  is  highly  significant  in  1963,  1965,  1971,  and  1973.  It  is 
significantly  less  than  zero  at  the  5 percent  level  in  1969.  An 
implied  estimate  of  the  number  of  years  of  growth  opportunities, 
calculated  as 

f = -b2  (1  + Z)  (5.14) 

is  reported  for  each  year  in  column  (6)  of  Table  5.10.  All  esti- 
mates of  T are  less  than  one  year  indicating  that  investors  in 
electric  utilities  do  not  capitalize  growth  opportunities  beyond 
the  current  year. 
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Table  5.9 


Nonlinear  Second  Stage  Regression  of  Value  on  Instrumental 
Variables,  Expected  Change  in  Tax-adjusted  Earnings,  and 
Expected  Investment  in  Total  Assets  With 
A Constant  Term  (N  = 69) 


V 

A 


5 XT 

1 A 


+ 


^1^2 


Ml 

A 


+ u 


(1) 

(2) 

(3) 

Z 

(4) 

(5)^< 

Year 

b 

o 

h 

100/bj 

1963 

-.244 

(.277) 

27.889 

(4.418) 

3.59 

-.614 

(.201) 

.40 

1965 

-.112 

(.252) 

24.982 

(3.844) 

4.00 

-.611 

(.216) 

.40 

1967 

-.044 

(.201 

18.770 

(2.248) 

5.33 

-.238 

(.236) 

.38 

1969 

-.034 

(.159) 

16.500 

(2.502) 

6.06 

-.274 

(.154) 

.35 

1971 

.105 

(.177) 

16.634 

(2.533) 

6.01 

-.239 

(.112) 

.47 

1973 

-.101 

(.137) 

13.405 

(2.022) 

7.46 

-.214 

(.066) 

.41 

Note:  Numbers  in  parentheses  are  standard  errors. 


Pertains  to  second  stage  only. 
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Table  5.10 


Nonlinear  Second  Stage  Regression  of  Value  on  Instrumental 
Variables,  Expected  Change  in  Tax-adjusted  Earnings,  and 
Expected  Investment  in  Total  Assets  With 
Constant  Term  Constrained  to  Zero 
(N  = 69) 


V - R 
A “ 

^ + R 1 + 

8,8,  + u 

L ^ A 

(1) 

(2) 

(3) 

(A) 

(5) 

(6) 

(7) 

Z 

Long  Term 
Treasury 
Yield* * 

Average 
Utility 
Aa  Coupon 
Rate* 

u 

Year 

^1 

100/bj^ 

^2 

T 

R^t 

1963 

23. 961 
(.564) 

4.17 

4.08 

4.33 

-.685 

(.193) 

. 71 

.40 

1965 

23.251 

(.623) 

4.30 

4.26 

4.54 

-.638 

(.204) 

.66 

.40 

1967 

18.107 

(.505) 

5.52 

4.94 

5.86 

-.252 

(.215) 

.27 

. 39 

1969 

15.956 

(.491) 

6.27 

6.28 

7.56 

-.Ilk 

(.156) 

.29 

.37 

1971 

15.119 

(.324) 

6.61 

6.12 

7.67 

-.111 

(.094) 

. 30 

.48 

1973 

13.256 

(.223) 

7.54 

7.00 

7.74 

-.216 

(.062) 

.23 

.42 

Note:  Numbers  in  parentheses  are  standard  errors. 

* Solomon  Brothers  Yield  Book. 


Pertains  to  second  stage  only. 
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Evaluation  of  the  instrumental  variable  approach.  The 
major  advantage  of  the  instrumental  variable  approach  is  that 
consistent  estimators  of  the  coefficients  of  equation  (5.11)  have 
been  estimated.  Typically  this  consistency  occurs  at  the  expense  of 
less  precise  estimators.  However,  in  this  case  the  instrumental 
variable  approach  has  provided  more  precise  estimates  of  and  B2> 
i.e.,  the  standard  errors  for  each  coefficient  are  smaller  in  every 
year.  The  increase  in  precision  can  largely  be  explained  by  examin- 
ing the  degree  of  correlation  among  the  independent  variables  in  the 
second  stage  listed  in  Table  5.11.  Comparing  Table  5.11  with  Table 
5.6,  it  is  clear  that  the  degree  of  multicollinearity  among  the 
independent  variables  is  considerably  reduced,  especially  between 
A?'' /a  and  I/A.  Statistically  then,  the  instrumental  variable 
approach  seems  to  provide  superior  results.  Unfortunately,  the 
values  obtained  for  Z are  so  low  that  they  cannot  be  seriously  con- 
sidered as  good  approximations  to  the  cost  of  capital.  These 
results  will  be  further  explored  in  the  Chapter  VI. 

The  Effect  of  Financial  Leverage 
on  Firm  Value 

To  provide  some  indication  that  equation  (4.42)  correctly 
specifies  total  firm  value,  the  relationship  between  financial 
leverage  and  firm  value  is  now  examined.  The  purpose  is  not  to 
thoroughly  investigate  the  characteristics  of  financial  leverage 
and  firm  value.  Rather,  by  adding  an  additional  independent  vari- 
able to  equation  (5.11),  the  correct  specification  of  (4.42),  as 
a model  of  firm  value,  is  being  tested.  In  the  direct  cost  of 
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Table  5,11 


Matrix  of  Simple  Correlation  Coefficients  of  Second 
Stage  Independent  Variables 


" ' 

V 'A 

X .i 

A 

: A 

F ;c.  A 

V’.\ 

1.  JCO 

' 5" 

. 3b-* 

' **  2 

;< ' 

1 . 000 

.024 

- . 119 

.370 

/X 

1 . 000 

. 559 

- , 001 

1 . oco 

.033 

fCC/A 

i . COO 

1?03 

1.  :oo 

^ 

- '’6  7 

- . 02  S 

.055 

•'  ■ ; 1 

1.000 

. 170 

- . 2 -.3 

. -o:: 

- A 

1.000 

-.030 

-.  )03 

I A 

I . JLiO 

- . J^o 

FCC , .A 

1.  OcO 

I'ih' 

,,  , 

l.OOC 

.617 

- 17  ^ 

. 195 

. 593 

A 

1.000 

- . 152 

-.101 

.-13 

1 . ooc 

y ' ~ 

-.223 

T.  .A 

1.  500 

- . ^ lo 

FCC, '.A 

- . . 5 

1 yn9 

A 

l.O'OO 

.590 

_ ” 1 ' 

.::: 

. . 70 

\ \ 

1 . 000 

.219 

.215 

. -o2 

JT'  A 

1.  joo 

. 1j3 

- . ;2-t 

T , 

- 'PI 

FCC , A 

1.  ooo 

_V  \ 1.000 

A 

_ •' 

?CC  'A 


. 0 30 
1.000 


-•'3  -O'' 

1. 300  .010  -.335 

i.;oo  -.^06 

1.  :oo 


. : r 0 
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capital  model  any  benefit  resulting  from  financial  leverage,  not 
passed  through  to  consumers,  is  reflected  in  tax-adjusted  earnings 
and  changes  in  those  earnings.  Thus,  if  equation  (5.11)  correctly 
specifies  total  firm  value,  the  expected  value  of  the  coefficient 
of  an  additional  variable  (degree  of  financial  leverage)  will  be 
zero. 

Measuring  Financial  Leverage 

The  degree  of  financial  leverage  is  usually  measured  as 
either  a stock  or  flow  variable.  The  former  includes  various  ratios 
of  debt  relative  to  total  value,  total  assets,  or  equity.  Flow 
variables  are  ratios  such  as  times  interest  earned  or  fixed  charge 
coverage.  Stock  ratios,  while  indicating  the  proportion  of  debt 
in  a capital  structure,  indicate  little  about  the  debt  capacity  of 
a firm.  Furthermore,  including  debt  on  both  sides  of  the  regression 
equation  (total  value  of  course  contains  debt)  , and  also  including 
total  value  on  both  sides  (in  the  denominator  of  the  debt  ratio) 
raises  the  problem  of  spurious  correlation  between  dependent  and 
independent  variables.  To  avoid  such  problems  the  degree  of  finan- 
cial leverage  is  here  indicated  as  the  fixed  charge  coverage 

_ Earnings  Before  Interest  and  Taxes 

Total  Interest  Payments  + Preferred  Stock  Dividends 

(1  - t) 

(5.15) 

Adding  FCC/A  to  equation  (5.11)  provides  the  altered 


regression  equation 
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V 

A 


?2  A + ^1^2 


AX 


+ e 


FCC 
3 A 


+ u 


(5.16) 


Regression  Results,  Entire  Sample 

Table  5.12  contains  tlie  results  of  fitting  equation  (5.16) 
by  the  nonlinear  instrumental  variable  method  presented  :ibove.  At 
the  5 percent  level  of  significance  b^  is  different  than  zero  only 
in  1967,  tentatively  confirming  the  null  hypothesis  that  financial 
leverage  has  no  impact  on  the  total  market  value  of  electric 
utilities. 


The  Equal  Business  Risk  Assumption 

Of  the  cost  of  capital  studies  reviewed  in  Chapter  III, 
only  McDonald  [36]  attempted  to  ascertain  the  homogeneity  of  his 
sample.  The  other  studies  merely  assumed,  as  was  done  in  the  pre- 
vious section,  that  the  equal  business  risk  assumption  was  ade- 
quately satisfied  by  industry  categorization.  It  was  also  pointed 
out  in  Chapter  III  that  such  classification  does  not  assure  groups 
of  firms  equivalent  in  business  risk.  Thus,  prerequisite  to  con- 
cluding that  the  model  is  correctly  specified,  is  a presentation  of 
evidence  demonstrating  that  the  sample  is  homogeneous  in  business 
risk. 

Appendix  B examines  the  homogeneity  of  the  firms  in  the 
sample  by  testing  the  hypothesis 

<I>^(R)  = «>j(R)  (5.17) 


where 
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Table  5,12 


Nonlinear  Second  Stage  Regression  of  Value  on  Instrumental 
Variables,  p:xpected  Change  in  Tax-adjusted  Earnings, 
Expected  Investment  in  Total  Assets  and  Fixed 
Charge  Coverage  (N  = 69) 


V = ^ + 02 

a:  ^1^2 

Ax"^ 

A 

. 0 FCC  , 

+ 83  -s-  + u 

(1) 

(2) 

(3) 

(4) 

Year 

^2 

63 

R^t 

1963 

23.630 

(.701) 

-.691 

(.196) 

1.321 

(1.682) 

.40 

1965 

23.486 

(.801) 

-.646 

(.204) 

-.890 

(1,961) 

.40 

1967 

18.955 

(.635) 

-.358 

(.206) 

-3.301 

(1.648) 

.43 

1969 

16.452 

(.568) 

-.324 

(.152) 

-2.531 

(1.591) 

.40 

1971 

15.628 

(.453) 

-.349 

(.100) 

-3. 154 
(2.042) 

.48 

1973 

13.408 

(.308) 

-.238 

(.069) 

-1.286 

(1.793) 

.42 

Note : 

Numbers  in  parentheses 

are  standard 

errors . 

t Pertains  to  second  stage  only. 
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R = annual  rate  of  return  before  interest  and  taxes 
on  total  assets 

$^(R)  = the  distribution  of  returns  for  firm  i. 

Upon  rejection  of  (5.17),  an  ad  hoc  screening  procedure  is  devised 
to  identify  those  firms  that  ^ satisfy  condition  (5.17).  This  re- 
sults in  the  formation  of  two  subsamples,  each  with  14  firms  and 
labeled  LI  and  H2  (see  Appendix  C) . 

Regression  Results  on  the  Subsample 

The  results  of  fitting  equation  (5.16)  on  each  of  the  equal 
risk  groups,  LI  and  H2 , are  reported  in  Tables  5.13  and  5.14  re- 
spectively. The  magnitude  of  b3  relative  to  its  standard  error 
indicates  that  b^  is  not  significantly  different  from  zero.  Thus 
the  minor  hypothesis  cannot  be  rejected. 

Summary 

This  chapter  has  demonstrated  that  cost  of  capital  numbers 
can  be  directly  estimated  from  the  valuation  model  developed  in 
Chapter  IV.  The  instrumental  variable  nonlinear  regressions  of  the 
hypothesized  valuation  model  have  provided  consistent  estimates  for 
each  of  the  sample  years.  The  numbers  obtained  for  b^^  in  Table  5.10 
are  3 to  6 times  larger  than  their  respective  standard  errors. 
Furthermore,  the  cost  of  capital  estimates  track  quite  well  the 
prevailing  interest  rates.  Restriction  of  the  constant  term  to 
zero  has  been  empirically  justified.  The  use  of  instrumental  vari- 
ables reduced  the  degree  of  multicolllnearity  to  acceptable  limits. 
Also,  when  the  instrumental  variable  method  was  employed,  b2,  the 
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Table  5.13 


Group  LI 

Nonlinear  Second  Stage  Regression  of  Value  on  Instrumental 
Variables,  Expected  Change  in  Tax-adjusted  Earnings, 
Expected  Investment  in  Total  Assets  and  Fixed 
Charge  Coverage  (N  = 14) 


V = ^ + $2 

i ^ 1 

+ + u 

3 A 

(1) 

(2) 

(3) 

(4) 

Year 

^2 

^3 

R^t 

1963 

22.576 

-.278 

-.672 

.29 

(1.580) 

(.393) 

(5.022) 

1965 

21.049 

-.056 

.595 

.29 

(1.547) 

(.452) 

(5.561) 

1967 

17.579 

-.054 

-3.172 

.50 

(1.098) 

(.332) 

(4.251) 

1969 

14.032 

. 360 

-3.277 

.56 

(.838) 

(.268) 

(3.167) 

1971 

14.163 

-.061 

-2.734 

.56 

(.703) 

(.197) 

(3.579) 

1973 

11.848 

-.034 

4.569 

.37 

(.707) 

(.194) 

(5.356) 

Note : 

Numbers  in  parentheses 

are  standard 

errors . 

t Pertains  to  second  stage  only. 
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Table  5 . lA 


Group  H2 

Nonlinear  Second  Stage  Regression  of  Value  on  Instrumental 
Variables,  Expected  Change  in  Tax-adjusted  Earnings, 
Expected  Investment  in  Total  Assets  and  Fixed 
Charge  Coverage  (N  I A) 


CQ 

11 

> 1 

1 

- + 62  I + 6162 

. Q FCC  1 

+ 83  -^  + U 

(1) 

(2) 

(3) 

(A) 

Year 

^2 

63 

R^t 

1963 

20.715 

.223 

A. 237 

.25 

(1.506) 

(.772) 

(A.30A) 

1965 

19.963 

.A7A 

2.8A6 

.33 

(1.33A) 

(.389) 

(A.3A0) 

1967 

16.858 

. 611 

.162 

. 39 

(1.122) 

(.506) 

(A. 158) 

1969 

16.557 

-.182 

-3.356 

.22 

(2.2AA) 

(.599) 

(A. 939) 

1971 

1A.696 

-.125 

-.AOO 

.33 

0 .1A5) 

(.227) 

(A. 987) 

1973 

10.635 

.AlA 

7.6A0 

.A6 

(1.131) 

(.2A8) 

(7.756) 

Note : 

Numbers  in  parentheses  are  standard 

errors . 

■U 


Pertains  to  second  stage  only. 
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growth  coefficient  always  had  the  hypothesized  sign  and  was  signifi- 
cant in  all  but  one  of  the  regressions. 

To  test  the  impact  of  financial  leverage  on  total  firm  value, 
it  was  necessary  to  examine  rate  of  return  distributions  for  firms 
in  the  sample  (see  Appendix  B) . The  minor  hypothesis  of  homo- 
geneous business  risk  among  electric  utilities  was  reiected.  How- 
ever, two  subsamples  were  formed  based  on  equal  rate  of  return 
distributions.  A fixed  charge  coverage  ratio  was  proposed  as  a 
measure  of  financial  leverage  for  the  firm.  When  this  ratio  was 
included  in  the  statistical  equation  as  an  independent  variable,  it 
was  found  to  be  not  significantly  different  than  zero.  Thus  the 
minor  hypothesis  that  financial  leverage  has  no  impact  on  firm  value 
cannot  be  rejected. 


CHAPTER  VI 


CONCLUSION 

Rather  than  presenting  an  extensive  summary  of  a study 
already  perhaps  excessive  in  length,  this  chapter  sets  forth  only 
what  appear  to  be  principal  points  of  the  thesis. 

The  Average  Cost  of  Capital 

An  equation  representing  total  firm  value  under  market 
conditions  of  equilibrium  has  been  proposed  in  the  proceeding 
pages  (see  Chapter  IV) . The  model  is  traditional  in  its  structure 
in  that  value  is  determined  by  capitalizing  the  earnings  of  the 
firm  by  the  average  cost  of  capital. 

Features  of  the  Model 

Several  characteristics  of  the  model  distinguish  it  from 
other  valuation  models. 

Tax-adjusted  earnings.  By  capitalizing  income  accruing  to 
all  investors  in  the  firm,  the  impact  of  financial  leverage  is 
reflected  in  the  variable  Earlier  models  have  generally 

examined  the  income  expected  by  common  stockholders  in  isolation. 
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or,  as  a separate  component  from  preferred  stock  dividends, 
interest  payments,  and  tax  benefits  arising  therefrom. 

Growth . Expected  growth  in  tax-adjusted  earnings  is  in- 
cluded in  the  valuation  model.  Furthermore,  any  Increase  in  the 
tax  subsidy  resulting  from  growth  is,  contrary  to  other  growth 
earnings.  The  growth  component  of  firm  value,  while  similar  in 
structure  to  earlier  models,  reflects  the  nonlinearity  of  the 
term,  both  in  the  theoretical  development  and  the  empirical  testing. 

Regulation.  The  valuation  model  was  demonstrated  to  be 
compatible  with  the  process  of  utility  rate  of  return  regulation. 
Specifically,  assuming  that  the  regulatory  objective  is  to  maintain 
existing  firm  value,  the  model  provides  a tool  to  establish  allowed 
rates  of  return. 

Estimating  the  Average  Cost  of  Capital 

The  average  cost  of  capital  was  estimated  using  nonlinear 
least  squares  regression  (see  Tables  5.7  and  5.8)  and  by  instrumental 
variable  nonlinear  least  squares  regression  (see  Tables  5.9  and  5.10). 
The  instrumental  variable  approach  was  used  because  of  what  was 
believed  to  be  measurement  errors  in  X^,  causing  signficantly 
positive  intercepts  in  the  latter  three  years  of  the  study.  An 
equally  plausible  explanation  though  is  that  the  statistical  model 
without  a constant  term  is,  in  some  years,  misspecif ied , e.g., 
perhaps  the  size  of  a firm  has  an  impact  upon  its  total  value. 

Unfortunately,  when  the  instrumental  variable  approach  was 
employed,  the  estimates  of  Z were  too  low  to  be  considered  as 
approximations  of  the  costs  of  capital.  To  explain  the  high  values 
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for  b^,  we  must  consider  the  quality  of  the  instruments  used  to 
estimate  total  tax-adjusted  earnings.  Whether  or  not  better  instru- 
ments can  be  found  is  largely  an  empirical  question.  However,  the 
use  of  dividends  as  an  instrument  to  explain  total  earnings  would 
seem,  a priori,  to  be  a bad  choice  because  of  the  simultaneity  which 
exists  between  dividends  and  total  earnings,  i.e.,  which  variable 
is  the  predictor?  Thus  if  the  instrumental  variable  approach  is  to 
be  used  with  this  model,  improved  instruments  are  required. 

Average  cost  of  capital,  Z.  Rejecting  the  use  of 
instrumental  variables,  leaves  no  alternative  but  to  accept  as  better 
results  the  numbers  reported  in  Table  5.7.  These  numbers  are  also 
questionable.  The  positive  constant  term  for  three  years  indicates 
a misspecif ication  of  the  statistical  equation.  Thus,  it  must  be 
concluded  that  the  proposed  valuation  model  is,  at  present,  less 
than  satisfactory  for  explaining  total  firm  value.  However,  it  is 
clear  that  the  disappointing  performance  of  the  model  remains  an 
empirical  problem  which  can  be  solved. 

Additional  Results 

Several  additional  results  are  worth  noting. 

Estimate  of  growth.  When  the  instrumental  variable  approach 
was  used,  the  estimated  growth  coefficient  had  the  hypothesized 
negative  sign  in  every  year  and  was  significant  in  5 of  the  6 years. 
However,  the  number  of  years  of  tax-adjusted  earnings  growth  implied 
by  the  coefficient  was  quite  low,  indicating  that  growth  contributes 
little  to  the  total  value  of  electric  utilities,  at  least  in  the 


sample  years. 
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Financial  leverage.  A test  for  the  impact  of  financial 
leverage  was  conducted  by  adding  Fixed  Charge  Coverage  to  the 
regression  equation  as  an  additional  independent  variable.  As 
hypothesized,  the  estimated  coefficient  of  Fixed  Charge  Coverage 
was  not  statistically  significant  in  any  year.  Thus,  it  was  con- 
cluded that  the  total  value  model  was  correctly  specified  with 
respect  to  financial  leverage  for  the  sample. 

Homogeneous  business  risk.  As  a designator  of  business 
risk,  industrial  classification  was  shown  to  be  invalid  when  business 
risk  was  identified  by  the  distribution  of  the  ratio  of  earnings 
before  interest  and  taxes  to  total  assets.  However,  2 groups  of 
firms  were  identified  such  that  each  group  was  characterized  by 
identical  rate  of  return  distributions.  Unfortunately,  the  degrees 
of  correlation  across  firm's  rates  of  return  were  desparate  to  the 
extent  that  the  formation  of  true  equal  business  risk  subsamples 
could  not  be  considered  successful. 

Extensions 

There  are  several  areas  to  which  extension  of  the  current 
analysis  points. 

Estimation  of  Independent  Variables 

A logical  extension  of  the  effort  reported  here  is  an  attempt 
to  improve  the  set  of  ex  ante  estimates  of  the  independent  variables. 
Hopefully  improved  estimates  of  I,  and  AX’’^  will  provide  better 


estimates  of  Z. 
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Financial  Leverage 

A second  and  perhaps  more  important  area  for  future  re- 
search is  the  use  of  the  model  to  test  what  impact  financial 
leverage  has  on  total  firm  value.  The  test  in  Chapter  V,  while 
providing  casual  evidence  about  the  correct  specification  of  the 
statistical  model,  leaves  many  questions  unanswered.  For  example, 
would  the  same  results  obtain  for  a sample  of  industrial  firms? 

Can  a larger  sample  of  firms  homogeneous  in  business  risk  be 
selected? 

Full  Equilibrium 

The  most  Important  possible  extension  of  the  model  of 
course  is  a full  equilbrium  framework  resting  not  on  the  restrictive 
assumptions  of  the  flawed  Capital  Asset  Pricing  Model,  but  rather 
on  the  simple  concept  of  arbitrage  in  a perfectly  competitive 
market . 


Summary 

The  last  two  decades  have  demonstrated  an  increased 
dependence  of  our  society  on  electrical  energy.  It  has  also  been 
a time  of  generally  rising  capital  costs  which,  if  energy  is  to  be 
priced  efficiently,  must  be  accurately  reflected  in  the  rate  of 
return  that  electric  utilities  are  permitted  to  earn.  The  purpose  of 
modeling  the  valuation  of  an  electric  utility  has  been  to  provide 
a better  estimate  of  the  cost  of  capital  to  both  managers  and 
regulators  of  electric  utilities.  The  obvious  usefulness  of  the 
model  is  determined  by  how  well  it  predicts  the  average  cost  of 
capital,  not  with  how  restrictive  its  underlying  assumptions  seem 


159 


to  be.  Given  the  low  estimates  obtained  in  Chapter  V,  it  must 
be  concluded  that  the  model  does  not  predict  very  well.  Thus 
additional  verification  of  the  total  valuation  model's  correct 
specification  (including  comparing  its  estimates  of  Z to  other 
model's  estimates)  is  required  if  the  model  is  ever  to  be  used 
in  the  regulatory  process  for  electric  utilities. 


APPENDIX  A 


ELECTRIC  UTILITIES  INCLUDED  IN  THE  SAMPLE 


Firm  Number 


Firm  Name 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 

17 

18 
19 


20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 


Arizona  Public  Service  Co. 
Baltimore  Gas  and  Electric 
Central  Hudson  Gas  and  Elec. 
Central  Maine  Power  Co. 
Cincinnati  Gas  and  Electric 
Cleveland  Electric  Ilium. 
Columbus  and  Southern  Ohio 
Consolidated  Edison  of  NY 
Dayton  Power  and  Light 
Delmarva  Power  and  Light 
Duquesne  Light  Co. 

Kansas  City  Power  and  Light 
Long  Island  Lighting 
Nevada  Power  Co. 

New  York  State  Elec,  and  Gas 
Niagara  Mohawk  Povi/er 
Orange  and  Rockland  Utilities 
Pacific  Gas  and  Electric 
Pacific  Power  and  Light 
Pennsylvania  Power  and  Light 
Potomac  Electric  Power 
Public  Service  Co.  of  Colo. 
Public  Service  Co.  of  NH 
Public  Service  Elec,  and  Gas 
Puget  Sound  Power  and  Light 
Rochester  Gas  and  Electric 
San  Diego  Gas  and  Electric 
Southern  Calif.  Edison  Co. 
Toledo  Edison  Company 
Tucson  Gas  and  Electric 
Union  Electric  Co. 

United  Illuminating  Co. 

Utah  Power  and  Light 
Virginia  Electric  and  Power 
Washington  Water  Power 
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36 

37 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 

51 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
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Firm  Name 


Atlantic  City  Electric 
Boston  Edison  Co. 

Carolina  Power  and  Eight 
Central  Illinois  Light 
Central  111.  Public  Service 
Central  Louisiana  Electric 
Commonwealth  Edison 
Consumers  Power  Co. 

Detroit  Edison  Co. 

Duke  Power  Co. 

El  Paso  Electric  Co. 

Florida  Power  and  Light 
Florida  Power  Corp. 

Gulf  States  Utilities  Co. 
Hawaiian  Electric  Co. 

Houston  Lighting  and  Power 
Idaho  Power  Co. 

Illinois  Power  Co. 

Indianapolis  Power  and  Light 
Interstate  Power  Co. 
lowa-Illinois  Gas  and  Elec. 

Iowa  Power  and  Light 
Iowa  Public  Service  Co. 

Kansas  Gas  and  Electric 
Kentucky  Utilities  Go. 
Louisville  Gas  and  Electric 
Montana-Dakota  Utilities 
Montana  Power  Go. 

Northern  Indiana  Public  Service 
Northern  States  Power 
Oklahoma  Gas  and  Electric 
Philadelphis  Electric  Go. 

Public  Service  Co.  of  Ind. 
Public  Service  Co.  of  NM 


APPENDIX  B 


A TEST  FOR  EQUAL  BUSINESS  RISK 

A test  for  the  impact  of  financial  leverage  on  firm  value 
requires  a sample  homogeneous  in  its  degree  of  business  risk.  This 
appendix  proposes  a test  for  identifying  firms  equal  in  business 
risk. 


Equal  Business  Risk:  Entire  Sample 


Defining  Equal  Business  Risk 

Let  be  a proportionality  factor  at  the  beginning  of  period 
1 such  that 


Aid)  = AiAj(l)  (B.l) 

where  Ai  and  Aj  are  the  total  undepreciated  assets  of  firms  i and 
j respectively.  The  second  Fama-Miller  equal  risk  condition  (see 
equation  (2.67b))  requires  that  investment  in  both  firms  subsequent 
to  period  1 be  equated  by  Ai  so  that  for  all  future  periods 

Ai(t)  = AiA.(t)  (B.2) 

The  first  Fama-Miller  equal  risk  condition  (see  equation  (2,67a)) 
stipulates  that  the  income  of  the  two  firms  is  also  equated  by  the 
same  proportionality  factor  such  that 
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X^Ct)  = A^X-Ct) 


(B.3) 


For  both 


conditions  to  hold  simultaneously 

X.  (t) 

Ri(t)  = R.(t)  = -A—  = 
J Ai(t) 


, then 
AiX.(t) 


(B.4) 


where  Rj^(t)  and  Rj(t)  are  the  annual  rates  of  return  before  interest 
and  taxes  for  firms  i and  j respectively. 

Equation  (B.4)  is  an  equal  risk  class  condition  equivalent 
to  the  Fama-Miller  conditions  (see  (2.67a)  and  (2.67b)).  Unfortu- 
nately, it  is  confining  to  the  extent  that  N firms  will  always  be 
grouped  into  no  fewer  than  N risk  classes.  However,  given  that  R^ 
is  stochastic,  a less  confining  interpretation  of  (B.4)  requires  only 
that 


$i(R)  = $j(R)  (B.5) 

where  4>£(R)  is  the  distribution  of  returns  for  firm  i. 

Testing  for  Equal  Business  Risk 

Simple  histograms  of  the  returns  of  several  firms  such  as 
those  in  Figure  B.l  indicate  that  realized  rates  of  return  for  many 
of  the  firms  in  the  sample  may  be  normally  distributed. 

Tests  for  normal  distribution.  Two  tests  for  normality  were 
utilized:  A Kolmogorov-Smimov  test  and  a moments  test.  The 

Kolmogorov-Smirnov  test,  the  more  conservative  of  the  two,  compares 
a sample  cumulative  distribution  Si(R)  with  the  theoretical  normal 
cumulative  distribution  F^^(R)  over  N observations.  The  sample  test 
statistic  is  calculated  as 
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1.  NIAGARA  MOHAWK  POlsTER  (1955-1974) 
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Figure  B.l 

Rate  of  Return  Histograms  (N  = 20) 
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D = Max 
all  i 


F.(R)  - Si(R) 


(B.6) 


with  N degrees  of  freedom  equal  to  either  the  number  of  observations 
or  number  of  cells,  whichever  Is  less.  The  moments  test,  developed 
by  Pearson  and  Hartley  [48]  , Is  based  on  the  third  and  fourth  central 
moments  of  a distribution.  It  requires  that  test  statistics  v-j^  and 
V2  be  calculated  and  compared  to  critical  values.^  For  a normal 
distribution  the  null  hypothesis  is 


V 


1 


0 


and 


where 

6 = /R  • f(R)dr 

62  = /(R  - 6)2f(R)dR 

63  = /(R  - 6)^f(R)dR 
^4  = / (R  - 6)^f(R)dr 


(B.7) 


(B.8) 


Results  of  the  tests.  Using  the  Kolmogorov-Smimov  test  at 
the  5 percent  level  of  significance,  it  was  not  possible  to  reject 


^See  Pearson  and  Hartley  [48] , and  Jones  [28],  who  developed 
critical  values  for  small  sample  sizes. 
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the  hypothesis  of  normally  distributed  rates  of  return  for  any  of 
the  firms  in  the  sample.  However,  histograms  of  realized  rates  of 
return  for  several  of  the  firms  (see  Figure  B.2)  are  skewed  to  the 
left.  Also,  the  rate  of  return  histogram  for  Indianapolis  Power  and 
Light,  in  addition  to  being  negatively  skewed,  is  disturbingly  flat, 
ilie  appearance  of  these  and  other  histograms  prompted  the  use  of  the 
moments  test  to  evaluate  the  significance  of  the  third  and  fourth 
moments  of  the  distributions.  Table  B.l  provides  a summary  of  means, 
variances,  test  statistics  for  skewness,  test  statistics  for 
kurtosis,  and  the  Kolmogorov-Smirnov  D statistics  for  all  firms  in 
the  sample.  While  all  D statistics  are  less  than  the  critical  value 
of  0.294,  the  distribution  of  eleven  firms  are  significantly  skewed, 
two  have  significant  kurtosis,  and  four  firms  have  distributions  in 
which  both  of  the  higher  moments  are  significant.  Since  the  distribu- 
tions of  rates  of  return  of  a given  risk  class  must  be  identical,  the 
seventeen  firms  with  higher  moments  in  their  rate  of  return  distribu- 
tions can  now  be  eliminated  prior  to  further  testing.  Also,  in  view 
of  the  disparate  rate  of  return  distributions,  the  hypothesis  that 
electric  utility  firms  are  equal  in  business  risk  is  rejected. 

Identifying  Equivalent  Normal  Distributions 

Two  normal  distributions  are  identical  if  the  mean  and 
variance  of  the  distributions  are  equal. 
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1.  PENNSYLVANIA  POWER  & LIGHT  (1955-1974) 
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Rate  of  Return  Histograms 


Test  Results  for  Equal  Rate  of  Return  Distributions 
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Equal  Variance 

A procedure  for  testing  if  N populations  have  equal  variances 
is  the  Bartlett  test.  Underlying  assumptions  are  that  each  of  the 
N populations  is  normally  distributed  and  that  the  samples  from 
each  population  are  independent  and  random.  The  Bartlett  test  com- 
pares the  weighted  arithmetic  average  of  the  sample  variances  (MSE 
when  weighted  by  the  degrees  of  freedom)  to  the  weighted  geometric 
average  of  the  same  variances  (GMSE) . That  is,  if  all  sample 
variances  are  equal,  then 


(B.9) 


equals 


1 


N - r 


(B.IO) 


GMSE  = 


j 


where 


Nj  = number  of  observations  in  the  jUi  population 
2 

S = sample  variance  of  population  j . 

j 


When  population  variances  are  equal,  Bartlett  has  shown  that 

2 

[log(MSE)  - log(GMSE) ] follows  for  large  sample  sizes  the  x distri- 


bution with  (r  - 1)  degrees  of  freedom.  The  test  statistic  is 


^ 2.302585 


(N  - r)(logj^QMSE  - log^QGMSE) 


(B.ll) 


C 
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where 


and 

tlie 


C 


^ — 1— - 
j=l  Nj  - 1 


2.302585  is  a factor  to  convert  logarithms 
i)ase  e . 


(B.12) 


N - r 

from  the  base  ten  to 


Test  for  equal  variances.  At  the  one  percent  level  of 
significance  the  null  hypothesis 


H : 

o 


S 


2 

52 


was  rejected  (B  = 265.64  > x^(-99;  51).  However,  by  omitting  those 
firms  with  either  extremely  large  or  small  variances  (a  total  of  four 
were  discarded)  and  dividing  the  remaining  forty-eight  firms  approxi- 
mately in  half  according  to  increasing  variance,  two  groups  of  firms' 
were  formed,  the  variances  within  each  group  not  being  statistically 
different  at  the  5 percent  level  of  significance.  Tables  B.2  and 
B.3  list  firm  numbers  (corresponding  to  Appendix  A),  mean  rates  of 
return  in  ascending  order,  and  the  variances  of  returns  for  companies 
in  low  (L)  and  high  (H)  variance  groups.  Of  course  the  possibility 
of  forming  alternate  groups  exists.  The  object  is  to  have  two  groups 
with  many  firms  in  each  group. 


Equal  Means 

Analysis  of  variance  and  the  Scheffd  Multiple  Comparison 
Test  were  used  to  test  the  hypothesis  that  firms  within  each  vari- 
ance group  have  equal  mean  rates  of  return.  For  both  tests  the 
following  assumptions  apply: 
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Table  B.2 


Rate  of  Return  Means  and  Standard  Deviations  of  Firms  Included 

in  Group  L (Low  Risk) 


Firm  Number 


Avg. 


EBIT 

A 


X 100 


Var. 


EBIT 

A 


X 100 


8 

6.087139 

.506160 

19 

6.687590 

.360280 

16 

6.787189 

.546840 

17 

7.160839 

.689650 

21 

7.354090 

.471330 

33 

7.641840 

.169010 

23 

7.655140 

.278440 

26 

7.728339 

.384260 

31 

7.730490 

.447330 

28 

7.847939 

.611600 

36 

7.864140 

.218810 

24 

7.907390 

.556810 

15 

8.158589 

.648410 

13 

8.159439 

.242050 

22 

8.204140 

.675150 

62 

8.300540 

.418240 

37 

8.336390 

.560160 

57 

8.631889 

.267200 

65 

9.040540 

. 363800 

41 

9.195889 

.514770 

12 

9.221439 

.532060 

55 

9.235339 

.287730 

58 

9.420440 

.604180 

64 

10. 300940 

.575990 

66 

10.389640 

.524340 

Grand  Mean  = 8.2018 

Mean  Square  Error  = .4567 

Bartlett  Goefficlent  = 28.374 


x2(.95;  24)  = 36.42 
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Table  B. 3 


Rate  of  Return  Means  and  Standard  Deviations  of  Firms  Included 

in  Group  H (High  Risk) 


Firm  Number 

Avg. 

^ 100 

Var. 

MJI  X 100 

A 

A 

35 

6.815240 

.906400 

1 

7.056789 

. 702590 

52 

7.762389 

.840280 

44 

8.183840 

1.292459 

27 

8.202085 

. 780220 

4 

8.400840 

.739400 

7 

8.406590 

1.552230 

14 

8.543590 

1.039470 

67 

8.739140 

. 705400 

34 

8.875990 

1.351600 

10 

8.933590 

.872780 

29 

9.346740 

1.007400 

30 

9.481790 

2.348180 

11 

9.674590 

.869790 

39 

9.728939 

1.040070 

68 

9.834840 

1.659180 

59 

10.350789 

.981720 

6 

10.578039 

1.746400 

56 

10.867885 

2.399859 

53 

11.005039 

1.900949 

47 

11.554290 

2.156569 

61 

11.907689 

1.542159 

51 

12.887440 

1.828810 

Grand  Mean  = 9.4406 
Mean  Square  Error  = 1.314 
Bartlett  Coefficient  = 33.252 
X^(.95;  22)  = 33.92 


175 


1.  The  observations  for  each  factor  level  are  random 
observations  from  corresponding  probability  distributions  and  are 
independent  of  the  observations  for  any  other  factor  level. 

2.  Each  factor  level  of  response  has  a probability  distribu- 
tion which  is  normal. 

3.  All  factor  level  distributions  have  the  same  variance. 


Test  for  equal  means.  Analysis  of  variance  convincingly  re- 
jected the  hypothesis  that  mean  rates  of  return  among  firms  within 
groups  were  equal  (see  Table  B.4).  The  Schieffd  Multiple  Comparison 
Test  was  then  used  to  test  the  hypothesis 

2 

“o=  \ = I = 0 (B.13) 

j = l 

where 


Lj^  = the  kth  pairwise  difference  in  the  family  of 
differences  within  group  L or  H 

Mj(R)  = the  mean  rate  of  return  for  firm  j,  a member  of 
group  L or  H 

c.  = a coefficient  such  that  c = 1 and  c = -1. 

-L  Z 

An  unbiased  estimate  of  Lj^  is 


2 

L=  I 
j=l 


where  is  the  sample 
An  unbiased  estimate  of 


average  rate  of  return 


the  variance  of  Lj^  is 


s^(L)  = MSE  I 


c . 


j=l  "i 


for  firm  j . 


(B.14) 


(B.15) 
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Table  B.4 


Analysis  of 

Variance  Results  for 

EBIT 
A ^ 

100 

Group  L 

Source  of  Variation 

Sum  of  Squares 

df 

Mean  Square 

Between  firms 

532.922 

24 

22.205 

Within  firms 

216.949 

475 

.457 

Total 

749.871 

499 

F*  = 48.617 

F(.99;  24,  499)  = 

1.79 

Group  H 

Source  of  Variation 

Sum  of  Squares  ■ 

df 

Mean  Square 

Between  firms 

1037.488 

22 

47.159 

Within  firms 

574.215 

437 

1.314 

Total 

1611. 703 

459 

F*  = 35.889 

F(.99;  24,  459)  = 1.84 
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Scheffe  has  shown  that  the  probability  is  (1  - a)  that  all  state 
ments  of  the  type 

L - S • s(b)  j<  L £ L + S • s(L)  (B.16) 

are  correct  s inml  taneous  ] y where  b and  s^(b)  are  j’,iven  by  (H.I4)  and 
(B.15)  respectively.  S is  defined  as 

S = [(r  - 1)F(1  - a;  r - 1,  N - r)]  (B.17) 

where 

r = the  number  of  factor  levels 
a = level  of  significance 

N = total  number  of  observations  over  all  factor  levels 
F = critical  value  of  the  F distribution 
Thus,  the  null  hypothesis  (see  equation  (B.13))  cannot  be  rejected 
so  long  as 


< S 


s(L) 


(B.18) 


Clustering  firms.  Figures  B.3  and  B.4  identify  those  firms 
in  groups  L and  H for  which  the  absolute  difference  between  mean 
rates  of  return  is  less  than  or  equal  to  the  Scheffd  critical  value. 
For  example,  the  absolute  difference  between  the  mean  rates  of  re- 
turn for  firms  28  and  37  (see  Table  B.2)  is 


^28  ^37 


7.848  - 8.366 


.488 


which  is  less  than  the  Scheffe  critical  value  (1.401)  for  firms  in 
group  L.  The  Scheffd  critical  value  is  unique  to  each  pairwise 
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Firm  No.  35  1 52  44  27 
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comparison.  However,  it  is  identical  in  this  analysis  for  all 
comparisons  within  each  risk  class  because  the  number  of  observa- 
tions for  all  firms  are  identical.  All  comparisons  resulting  in  a 
mean  rate  of  return  difference  less  than  the  Scheffe  critical  value 
are  indicated  by  an  X in  the  appropriate  cell,  e.g.,  cell  (28,  37) 
in  Figure  B.3.  Because  the  multiple  comparisons  test  was  conducted 
on  increasing  mean  rates  of  return,  clusters  of  firms  were  formed 
with  mean  rates  of  return  within  clusters  being  not  significantly 
different . 

Several  clusters  of  firms  can  be  observed  in  each  of  the 
figures.  Many  of  the  clusters  overlap.  For  instance,  in  Figure 
B.3  there  are  three  clusters  of  fourteen  firms  each;  e.g.,  cluster 
(1)  includes  firms  17,  21,  33,  . . .,  and  37.  It  can  be  seen  that 
mean  rates  of  return  for  all  but  one  of  the  firms  in  cluster  (1)  are 
not  significantly  different  from  the  mean  rates  of  return  for  the 
fourteen  firms  in  cluster  (2),  and  the  mean  rates  of  return  for  all 
but  one  of  the  firms  in  cluster  (2)  are  not  significantly  different 
from  the  mean  rates  of  return  for  the  fourteen  firms  in  cluster  (3). 
In  other  words,  cluster  (3)  includes  13/14  of  cluster  (2)  and  12/14 
of  cluster  (1).  On  the  other  hand,  clusters  (1)  and  (2)  do  not  over- 
lap at  all  with  cluster  (4) , while  firm  number  65  is  common  to  both 
cluster  (3)  and  cluster  (4).  A similar  clustering  of  firms,  many  of 
them  overlapping,  can  be  seen  for  group  H firms,  with  clusters  (1) 
and  (2)  consisting  of  fourteen  firms  each. 

It  is  possible  to  select  from  the  low  and  high  variance 
groups  many  different  clusters  of  firms  with  identical  rate  of 
return  distributions.  Cluster  (1)  from  group  L (hereafter  LI)  and 
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cluster  (2)  from  group  H (hereafter  H2)  were  selected  for  the 
following  reasons.  One,  it  is  desirable  to  have  as  many  observa- 
tions as  possible  for  the  cross-section  regressions,  and  two, 
clusters  Ll  and  H2  provide  a slightly  greater  difference  between 
risk  classes  than  do  other  clusters  of  the  same  size.  Appendix  C 
lists  the  firms  contained  in  risk  classes  Ll  and  H2 . 

Rate  of  Return  Correlations 
Between  Firms 

Tables  B.5  and  B.6  contain  correlation  coefficients  for  the 
rates  of  return  between  pairs  of  firms  within  each  risk  class.  The 
temporal  characteristics  of  firms'  rates  of  return  vary  considerably. 
As  noted  in  the  theoretical  development  of  equal  risk  classes  (see 
Chapter  II),  the  most  rigorous  condition  requires  the  returns  of  all 
firms  within  a defined  class  to  be  perfectly,  positively  correlated. 
To  the  extent  that  investors  have  a preference  for  the  timing  of 
returns,  as  well  as  the  mean  and  variance  of  the  distribution,  they 
will  not  view  firms  within  either  group  as  being  equal  in  business 
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Group  L Rate  of  Return  Correlations 
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APPENDIX  C 


RISK  CLASS  LI 


Firm  Number 

Firm  Name 

17 

Orange  and  Rockland  Utilities 

21 

Potomac  Electric  Power 

33 

Utah  Power  and  Light 

23 

Public  Service  Co.  of  NH 

26 

Rochester  Gas  and  Electric 

31 

Union  Electric 

28 

Southern  California  Edison  Co. 

36 

Atlantic  City  Electric 

24 

Public  Service  Electric  and  Gas 

15 

New  York  State  Electric  and  Gas 

13 

Long  Island  Lighting 

22 

Public  Service  Co.  of  Colorado 

62 

Montana-Dakota  Utilities 

37 

Boston  Edison  Co. 

RISK  CLASS  H2 

Firm  Number 

Firm  Name 

44 

Detroit  Edison  Co. 

27 

San  Diego  Gas  and  Electric 

4 

Central  Maine  Power 

7 

Columbus  and  Southern  Ohio 

14 

Nevada  Power  Co. 

67 

Philadelphia  Electric  Co. 

34 

Virginia  Electric  and  Power 

10 

Delmarva  Power  and  Light 

29 

Toledo  Edison  Co. 

30 

Tucson  Gas  and  Electric 

11 

Duquesne  Light  Co. 

39 

Central  Illinois  Light 

68 

Public  Service  Co.  of  Indiana 

59 

Kansas  Gas  and  Electric 
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